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(54) Title: MODIFIED ANTIBODY AGAINST CD22 AND UTILIZATION THEREOF 



(5i)§ZW(D%ft: CD 2 2 \Ztt? &lf*(Dmm 

(57) Abstract: Based on the sequencial data of two anti-CD22 antibodies having been published, CD22 diabodies in which variable 
^ regions of the heavy chain and the light chain are bonded together via a 5mer linker are constructed. These 2 diabodies are examined 
in binding to lymphoma cells and activity of inducing cell death (apoptosis). As a result, it is found out that both of these diabodies 
bind to a Raji celle (i.e.. a B lymphoma cell line) and have an activity of inducing apoptosis in the Raji cell and a Daudi cell which 
t** is also a B lymphoma cell line. These results indicate that degraded antibodies recognizing CD22 are usable as apoptosis inducers 
2S in tumor cells such as lymphocyte cells. 



2 (57) mtbi RlC^B*tlXL^-aB0)ftCD22tt{*a)E«1»**4pi:lC, Sffi£l£ffi®W£«*£5mer(D'J 

O xa^$^fcCD22diabody^^tl-e*i^MLfco ft8Lfc2a©diabodylCOL^T, U *«£fttffB 

fS BS5E (7*°h-vX) B»5SttOtt»*ff-3fc«*, C^6diabody3b<L^*ttB'J>/<BBB*-C*6Raji«lftlC 

0*g£ u 3fp»c, i^mtiRaji«i»tej:r;Hi:<B'j >/^Hajjs*-e**Daudifflgsic77Kh-^xj8Swr*aftt 
^ tfb&ztifimviLtzo a±<D«*i*. cD22*ig^t-^Ki*<oi£^^bK<*^u>/>sfflfis«^co®aateic« 
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5 

m^mjl 5 £ flsft b *w 5. pi^tt<Z)CD22{i^i±s $ iix 

5) o 

15 5fijliLSJl*^*5ttSCD22Sifr©fUfflfcB8bXf±, t Mb£ftfc^CD22£a#ft if 

20 -T5±i»P$iJ^im^\ ^LCD22^Sr^«T"fbW^cross-linki-Sri-e, B 
CD22^^tfMO^JI{I^i-5^Cf*: (IgG, Fc|»#*r£*fcV>Fab' 2) ^^dxU 
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[^Mfrfttltt 1 ] M#— ?& CURRENT RHERAPY Vol. 20 No. 1 47-50 
[#4£W\S:itt 2 ] Tedder et al. , Ann Rev Immunol 15:481-504(1997) 
[#flMN3tltt 3 ] Clark EA J Immunol 150:4715-4718(1993 
C#4MM:iR4] Sato et al. , Immunity 5:551-562(1996) 
10 C^N^Zfcfifc 5 ] Li et al., Cell Immunol 118:85-99(1993) 



C^f^sf Ifcift 6 ] Ghetie et al. , Proc. Natl. Acad. Sci. USA 94:7509-7514 (199 



7) 



[^fFlfcift 1 ] #«2001-518930 
itffiXMl 2 ] #*¥10-505231 
15 iftffXWi 3 ) W099/02567 



#3§l«bte, CD22^^j-i-5{g^fb^T*fe^diabody^^i-S £ £ * g ft 
#£&«©«n£ffl*£«:5iiier0> !) y#-T^£^fcCD22diabody©:^ggE?iJ£^tl 

«C0S7«(C^AL, ^©^JUfd^ ^^nTtdiabody^^LFlag M27#n 
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*%.W%t>te, o LT#btlfc2«(7)diabodyK:o^T, y 

5 -rntRaji«jo<tt/|WIi:<By WNlllffl«-efc§Daudi«^T^ h-v^^ 

mmi-%m&tfhzz tmmLtz 0 ^x±<D^it, CD22&M1- zmtowA 

ip-^s ^T£> (1) ~ (12) *mmirZ>h<D-T:hZ> 0 

io (i) (V22zmm-rz>i&ft*ibm*o 

(2) Diabody^foS (1) ^|B«fecOjS^ibmfr= 

(3) UT<D (a) ~ (f) OV^-ftl^^|Ett©^£^•■^«^ 0 

( a ) Ifi?iJ#-i§- : i £ fctt 3 ^I5<fe(OT 5: / ^ga?y £*1-<5i&4HHW7C 

15 (b) MB?iJ#-5§- : ll;fc{i3^1E*^7$/^ia?iJ{£:ib^Tl kL<& 

( c ) IE?lJ#-i§- : 5 COCDRjo «fc t^ia?>J#-§- : 7 OCDROT 5 / SMB^J 
20 1-5ffi^^b^o 

( d ) I£?lJ#-5§- : 5 CDCDRjo £ T>*@a?lJ#-5§- : 7 £>CDRtf>7 5 / MlB?!K-:io 

25 ( e ) BB?IJ#-$§- : 9 <DCDRfe £ t>'|a^(J#-§- : 1 1 <£>CDR<£> 75/ @&ga?!l £ 
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( f ) : 9 <DCDm iilfSS^t^r ■ 1 1 <DCVR<DT 5: /WSfflK 

(5) {£$fflb5M)iabodyfcT*;fc5, (4) ^|S«0^feo 

(6) fiHt*Sr^h-^»i»iSttt?fe5, (4) (5) fclBtt©*- 

(7) (i) ~ (3) m^lrtiMzWfflo&ft?4b$ift, (4) ~ (6) o 

(8) HaWBiaKiSft'STaS h—i-"* (7) \ctm<DTtfh- 

do) (i) ~ o) <D^-rtiMztm<D^^-imw. u) ~ (6) 

(11) K**siL»liaf"CfcS, ( l 0 ) JcfBSo^LfllgF^Jo 

(12) ^CWDiabody-C&S, (7) (9) 0Vvfih,J&»fclBfc©7# h 

(13) gt#:^Diabodyt?*>« % (10) *fcfi (11) KHEttWftMgriJ,, 
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- 5 - 

10 JJftfc, SSMtt^M, gE&aHfcfcl&fit SBft&ttW l ft&ir& 

&^&*«'>^ sa»», saMfflfK, sa^ttwt 

'<-fcK**i, ^¥tt*SI^> 7v?yya fi£jft&2jjfi=, *ftfW4:7K!>«^ 

15 s/ h JP§, ft if) ©±5 «ft if & *3 r * 5 ~ <b # 

3&»&&?K Sfc^±19ql3. 1 5 (Tedder et al. , Ann Rev Immunol 1 

5:481-504(1997)) %MM~tZ> 0 
20 #3&Wte:m>T(£#^bftfti:tt, (whole andibody, #iJ£f£whole Ig 

fcv>as, SttRnftWK (vh) Xtt6£i>r$tt$ (vl) ^t^5:H^L 

25 Fab, Fab' , F(ab' )2, Fv N scFv fr*f- VFv) , 

S^t^X'tS^, £p£ L <tescFv (Huston, J. S. et al. , Piroc. Natl. A 
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cad. Sci. U.S.A. (1988) 85, 5879-5883, Plickthun Prhe Pharmacology of Mo 
noclonal AntibodiesJ Vol. 113, Resenburg Mooreii, Springer Verlag, Ne 

w York, pp. 269-315, (1994))-C#>5 0 -<0<fc 5 tati^H 

aSfcfc&WJS^SSiirfttfJ:^ Co, M. S. etal., J. Immunol. 

(1994) 152, 2968-2976 ; Better, M. and Horwitz, A. H. , Methods Enzymol. 
(1989) 178, 476-496 ; Pluckthun, A. and Skerra, A. , Methods Enzymol. (198 
9) 178, 497-515 ; Lamoyi, E. , Methods Enzymol. (1986) 121, 652-663 ; Rous 
10 seaux, J. et al. , Methods Enzymol. (1986) 121, 663-669 ; Bird, R. E. and 
Walker, B. W. , Trends Biotechnol. (1991) 9, 132-137#$0 0 

15 #»Hfc48V*T#SUMft#^btfi#W:* ft#©VH£2o^±&tfVL£2oi£JUb 

^PJtC4oV>T#{C0^ LVNi£^«fr«Diabody-efo6o Diabodyfi, bT^ 

««fBraE«*4ry ^-^T'^LTty^^^^h (^j^tfx scFv^) (ut, 

25 Ms 2o<DVLi:2o<7)VH£ratp (P.Holliger et al. , Proc. Natl. Acad. Sci. USA, 9 
0, 6444-6448 (1993), EP404097# % W093/11161-§\ Johnson et al. , Method in 
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Enzymology, 203, 88-98, (1991), Holliger et al. , Protein Engineering, 9, 
299-305, (1996), Perisic et al. , Structure, 2, 1217-1226, (1994), John e 

t al., Protein Engineering, 12(7), 597-604, (1999), Holliger et al, . Proc. 

Natl. Acad. Sci. USA. , 90, 6444-6448, (1993), Atwell et al. , Mo 1. Immunol. 33, 
5 1301-1312, (1996) )„ Diabody*«^S79^ ^ hMOtt^ti***!*^ 

Diabody 7 7 :7V > hffl±&V ^-^ife^LT, 

Diabody (scDiabody) ft%> Z. t fc RTtBt**>5. -£©181, Diabody 5 7 7 

10 #&1-5Diabody?rfl|^-r577^^ Vh|^±-C^*^r^^Bltlt^«3, 

DiabodySrfllfife-t* 5 ^ Mi, VLtVH&j&'g-Lfck©, VLiVLSrS^Lfc 

%©, VHtVHSr*g^Lfct©«?Sr*»f5ii*ST?t5iS, L< ttVHfcVL&jg 
•£Lfc.fc©-C&5, Diabody£1i/&^5:77^V > htl-^T, ^T^Wt^"^ 

7 0* L< {i3~9T5: L< tt4~ 6 7 5 

£©#§\ ^ h±Kl = — K£ft5VL£VH£(2, ^©P^© !) — & 



20 M^fctf), IBI— «±©VLi:VH©IlljTf**5ftTHf«&*S*Ji ?>f\ Mvfi$77^y 
£bt-, Diabody^M t N DJ^ST*, Diabody 4r1ft5M-5 7 y ^ > 1> Sr3o£Lhtt 

25 #38SHH::i3tt5Diabodyt LTW\ TE©t>©S:^t?^5^ -tbbl-K^^ 
*l3 t>©T?fiftV\ 
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1. SMHr: 1 *fctt3fc1EiW>7$ /^E^JSr^-fSDiabody 

ys^ia?ij«^ (gm, fcfc, ssj:tf/*fc«:#*a) Lfcrs/®E 

M £#-1" 5 Diabody T' foot, E#l#^ : 1 Sfctt 3 |ClB«©E?!I**i'*Di 
5 abody^tltfjICl^frDiabody 

3. E7!l#*: 5WCDR (Xtt^KHHO *5 J: tfEW* : 7 WCDR (Xtt^Xfll 
$) ^ /MBB^J^r^"1"5Diabody 

4. E?>J##: 5 (Z5CDR (XttTOW*) *$ J:lflE^I#* : 7 OCDR 

10 WA, 38 J: ttf**P) UfcT^y^iH^J^^-rSDiabody-Cfeo 

t, E?IJ#*: 5 CDCDR *5J:tflE?!l#* : 7 OCDR (Xtt"T 

©IS JIJ £ 5 Diabody t mife&) JC PH* ftDiabody 

5. S£»"t: 9£>CDR (XW: *5 J: tfEfl*-* : 1 1 cDCDR CXOTSE 
ftJO ©757 ^Sa^J^^r-f- ^Diabody 

15 6. iE?IJ##: 9 (DCDR &£t>WJ#-t : 1 1 ©CDR (XteW^ 

T, mm^-: 9 0CDR (XOTSCBPft) *3iWJ#f : 1 1 OCDR (X& 
"rTSHW© ©E^J£#1~SDiabody£$ilttfc|^ftDiabody 
20 ::t ratg^^lH^J fcMfctfc-SDiabodyas, IB?IJ#^ : l£fcte3K 

lE^OKRISr^r-t** Diabody, E^J#* : 5 tOCDR (XfifSTSgftHfc) fcitffiBRJ* 
%: 7WCDR (XttRT^S^) OEWSr^SDiabody, E^J## : 9 OC 

DR (XttRTSWWO *5J:tfE7!l#* : 1 1^>CDR (Xtt^SMi*) tf>E?'J£*1-5 

Diabody £ 13$ <Dm± CD22^0>tt£*tt» 7# ^-^RiJWStefc 2) 

25 £fc$:*3fe1-5. 
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T$/SM»I«(©ttSti LTtt, SfcKttTSyife (A, I, U M N F, P, W, Y, V) , 

5 m&&7$;wt (r, d, n, c, e, q, g, h, k, s, t) , wa&mmm&ictzTs. 
;m (g, a, v N u i, p) % 7mM^mm%%-tz>T$;m (s, t, y) % 

(D, N, E, Q) , ^S^W^Sr^rfSTS/lSi (R % K, H) , 

*n£>tl"CV5 (Mark, D. F. et al. , Proc. Natl. Acad. Sci. USA (1984) 81, 5 
662-5666 , Zoller, M. J. & Smith, M. Nucleic Acids Research (1982) 10, 64 
15 87-6500 , Wang, A. et al. , Science 224, 1431-1433 „ Dalbadie-McFarland, G. 
et al. , Proc. Natl. Acad. Sci. USA (1982) 79, 6409-6413) „ 

m&m-W: l*fcf±3fclEf^T5,>lfce^&^3Diabody % IB3?"J# 
5CDCDR (XttPTSfctf) *5 XUmm^ : 7 <£>CDR (XttPTgfWD Oifi^lJ 
^-f^Diabody, *fct±E?!I## : 9 OCDR (XOT^^) &«fctHE?lJ#-5r : 
20 llOCDR (XOTSHW*) ©@a?IJ&^H-5Diabody£, t M^tf5IWtt 

5 5 0-6 6 ^CDR2, 9 9-105 ^CDR3(Cffi^t* 5. BE?!l#-i§- : 7 (C 

nM£ftx^&^mmzfa%i-%T$.;mi : P\x\ 2 4-4o^cdri, 5 6- 

25 6 2rt*CDR2 N 9 5 — 1 0 3 riSCDRSlC^-f'So SE?!J#-i§- : 9 f-lEi^ft-CV^ bI 
Sg«l«twffiai-5 7 5 y mmX\ 3 l - 3 5 ;5SCDR1, 5 0 — 66 ^CDR2, 9 9 
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-1 1 2tfSCDR3K:ffiS1-3 0 mm^r: 1 1 tefeft£HT^^5^^iftK:^ i I^S1- 
3 7 5 7 @?IH£ijT\ 24-3 4 /^CDRl, 5 0-5 6 #CDR2, 8 9 — 9 7 ^CDR3^ 

J;5Ki, CD22SrB«-r5tt#:oEy!l (WtcTO««©E?!l-^te*t«l*ft«H* (CD 

V, X, CD22&ftlB£LT\ Sjft#^*P«)*ifefcJ: t>$r[CD22^^^U, -t 
«t 5 LTfT 9 " <b 5. CD22^ ^^JC^ L < tt^cSf^SrflSf^TJS t L 

#W©»KH:4Jtfcl©#ifc % Wjttf^aP^^f/V^SrfflV^^ife (W098/46777& 
tM (Kohler. G. and Milstein, C. , Methods Enzymol. (1981) 73: 

20 3-46 ) m-m^Tn?~ktfx%z> 0 &w.(oft&m&&&^m&m* s tvu^s 

U #e>ttfccDNAOE?!l*r45t*RO*ifeH:J; 9 tftt-f-fttf J: i \ 
25 yhBMfc t7«, t h^ft^MMv^r <t^T#5 0 x> 
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?%mZ-mi7iW, Mz-if, (Chimeric) t hMit (Humanized) tfifo 

t hSMfctfcfttt, Sfif$ (reshaped) t h ftft i fcffc £ ft, t FMdll 
fcfc*.tf-v^^gl*©ft*H4ifcSf(« (CDR; complementarity determining 
10 region) Srt hSi#:Otttttt*£««^fl[ Ufc 9 , jttWfc3t-g 

(framework region ; FR) fciij^-fS «fc 5 fcKtf LfcDNAlE?!!*, * 

(«C*H#flFaJK^H!#W 239400 , BBBK'lfrfl : ttK&M#-9f0 96 

20 —?W$.(OT 5: /@t<l:1!$|LT , k JlV^ (Sato, K. et al. , Cancer Res. (1993) 53, 
851-856) o 

25 3=7b, t hftfc^lfcttfrife'fefclfefi-CV^. t h !) -y**#L&in vitro 
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(DM hft$£&#1-5 ~ t a (Sffi4WlilK£M#9W0 93/12227, WO 92/ 

5 03918, WO 94/02602, WO 94/25585, WO 96/34096, WO 96/33735#BB) 0 

fc*LTV>5 0 flJxtf, fc htt#0BT£*tf*— (scFv) iU77^ 

92/01047, W0 92/20791, W0 93/06213, W0 93/11236, W0 93/19172, WO 95/01438, 
W0 95/15388^##{C-f-?> ~ b 5. 
15 *56W©tfcft:tt, ^!JifW^!J3-;l/ (PEG) N mt&VoM. h^r^^O 

« 

- Ki-5DNASr^-t-5o ^^y^*~'>3yftflf(Sambrook,J et al. , Mole 
cular Cloning 2nd ed. , 9. 47-9. 58, Cold Spring Harbor Lab. press, 1989) ft 
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J-g-i/a^'&VlfcftK&^^X, #J;U342 0 C, 0. 1XSSC, 0. l%SDS©*#-e& K) „ 
&£L<te50°C, 0. 1XSSC, 0.1%SDS©&#-C*>5 o i LW^^JJ 

10 *38W©DNAtt, ^W©#C#:©i77 vivo*? in vitroiz&ft Z>£Mfc%\\%&tl% 

fccDNA-C*>5j&\ <>V ADNATA 5 2>\ <k^figDNAT?fe5^ 4f«rlH*5*V\ $. 
15 Sr^ri-5DNAAS^r*tLSo 

oiv^ViT— , t'p*— *-©*Hlp©fc t-CI8mi-5«t SIRS'***— telttWi 

— £>0!li Uli, M13^"<**— % pUC^<***-^ pBR322, pBluescript, 
pCR-Script/jiW^»f 5>tb5o cDNA©U*:/* v—~vy\ «9 tHU^r g^J 

±fB^?*-©ffc mx.it. pGEM-T, pDIRECT, pT7 ft 

25 H5 0 
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?5±£JM109, DH5 a % HB101 N XLl-Bluefc£©*lM6£ Uyt*^^*3V^Xtt. *Jj§ 
M-eS!l*J:<ISa"C#SJ: Sft^P*- N 0IJx.fc?> lacZ^o^-^- (Ward 
5 £>, Nature (1989) 341, 544-546 ; FASEB J. (1992) 6, 2422-2427) , araB7°P 

— (Better Science (1988) 240, 1041-1043 ) % 3;7-ctaT77°P ^— # 

— C0f|fa^pGEX-5X-l (77/W'>7tt|S) , TQIAexpress systemj (^7^ 
^tt») , pEGFP, £fct±pET(;i<E>*g\ ?s£teT7 RNAzKy ^ 7 — if Sr^SHLTV^ 
10 5BL21tfS£f£ U^ifW ^tb5o 

MZMOzZ-teZtyk* pelBv^ivVlB^J (Lei, S. P. et al J. Bacteriol. (198 
7) 169, 4379 ) ^ltilliil\ tf±*MS^©'<* ©*Att, 

Lttt, UlSUb***©**^^^- (Wx-lt, pcDNA3 (-Y^trhn^>1shtt) 

pEGF-BOS (Nucleic Acids. Res. 1990, 18(17), p5322) N pEF N pCDM8) , 
'ffllfo&^m^^? TBac-to-BAC baculovairus expression syste 

20 mj (^aBRUfcjKi) n P BacPAK8) , tt4feA$0?83l'<? (^J^tfpMHl, pMH 
2) N lfc$3!>^/V*£&CD3i§!i,^*- (#J;U2\ pHSV, pMV\ pAdexLcw) % U V 
n!>>f/W^©M^^- (0fl*.tf* pZIPneo) , BNfcfcSW)*^**- 
($J;i«\ rpichia Expression KitJ (-< ^ If h P ^ > pNVll* SP-Q0 
1) % ftSffi&SfeOfcm'** (#];t«\ pPL608, pKTH50) j&Sifctf feftS. 

ttrtt'M$f5fcfeM^'/P ; e-^-, ^Jx.«SV407 B P ; E— * — (Mulli 
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ganfe, Nature (1979) 277, 108) „ MMLV-LTRT'p ^— * — % EFla^n^e— $ — 
(Mizushimab, Nucleic Acids Res. (1990) 18, 5322) , CMVT'd^— * — ft i£ 



5 4ST-) Sr^ri"^tf$e>^»*u\ r.©J:5fc«H&*:^rt-5'<**-*: it»4, 

$]x.(3, pMAM N pDR2 N pBK-RSV, pBK-CMV, pOPRSV, p0P13& iftfmf bM„ 



7y^7x7-^ (APH) itfc^ ^5 S^^f— if (TK) 3tfc?\ TcM^I^ 
^V^T^i/^^^y #^f7^7x7— £ (Ecogpt) it^^ 5>fc " 



Itc»* (dhfr) JtGrHJffc^tfwfcflS-etS. 

x. pAdexl cw) ^l/hD^;U^^- (Mi ff pZIPneo) ft <t* ¥ W b ft 

25 fe^Ufcf^W:^ SSclC«oTtf5 - t#PTtBT?*5 (Molecular Cloning , 5. 61-5. 6 
3) o gzftfo^tD&ltt. ex viv<mXhoX^^ in vivofeXfo^Xh&^o 



* 
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5 KJ45g©fc«>©K^^W:, in vitro&ZTfin vivonM&K&lbZo in vitro 

i^s^as-ctSo wiMm&tLxn, m%Mmj&, wz.\t* cho a e xp . Med. 

10 (1995) 108, 945) N COS, 3T3, ?in-v, BHK (baby hamster kidney) N HeL 
a, Vero, M£H», Wttf77 ]) * tfat/UfPfMHlfi (Valle, et al. , Nat 
ure (1981) 291, 358-340) , feSV^J^fflR fjtlt Sf9, Sf21> Tn5flS*Pb 
jft/T^So CHOlfflJ&i LTfi, DHFRit^Sr^MbfcCH0iNajiS-Cfc5dhfr-CH 
0 (Proc. Natl. Acad. Sci. USA (1980) 77, 4216-4220) -^CHO K-l (Proc. Natl. 

15 Acad. Sci. USA (1968) 60, 1275) jg^ffl-fS - t ^T't <5 0 tfrtlM^ 

— ©*A«U 0U?tf*» DEAEx h 7 JJ*?*— 

y#y-^D0TAP (^-II^-v^^AtfcSi) at Who 

20 »M£LTte, \%7JI S =="f7t-^/^A {Nicotiana tabacum) 

Xffi«^LT«, ^Jx.«\ ty*o?t^ (Saccharomyces) JS, 011*. tf % 

fy^o • ir (Saccharomyces cerevisiae) s fflz.lfs 

T^^lV^lVT, {Aspergillus) Jg, ffl&ff, T*"**^!'* • =#- (Aspergil 
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KffiW U coli) s 0tJx.fi, JM109, DH5a, HB101#^W p,^ ^<D{^ ftS 
5 -e#5 0 #I*L«\ tt4fefflll&0#£ffi£ tt, ^J^L«\ DMEM, MEM, RPMI1640, IMDM 

fflt5;M^^. ^<d^ n 4*&JSjfifit (fcs) ^ojkm»^#ffl1--5c 

V\ ilif, ^30~40^Ti$15~200B#P^frV\ i&mfcfcZXi%m<D3m, 

15 LTte, 7**, tyj?, (Vicki Glase 

r, SPECTRUM Biotechnology Applications, 1993) 0 £fc, n£?UiHM£!£fl§^5 

LT*> (Ebert, K. M. et al. , Bio/Technology (1994) 12, 

25 • 699-702) 0 
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O^>T=i<0{Wft35»fea6«jOsRy^^KSr#5c:t#-C#-5 (Susumu, M. et'al., 
Nature (1985) 315, 592-594) „ 

5 JB^SiiHh BW©DNASrWrtfe58^^<^^— , 0iJ;itfpMON 530fcl*fAU 

^^-5:7^0/^7!) •> A • 7^77 >" * f * (Agrobacterium tumefaciens) 

(Nicotians tabacum) lOS$fe£-g\ ^/^©ii'Dil©^!)^ 
7°f-K^#Sr t^tS (Julian K.-C. Ma et al. , Eur. J. Immunol. (1994) 
10 24, 131-138) e 

15 ps«ii % mi* mmzm, mm^m, mm, %&tm. sds-# v t ? v at § 

20 t h^77^f-, ®*^n-^ f^77>f- bft<5 (Strategies for Prot 

ein Purification and Characterization: A Laboratory Course Manual. Ed Dan 
iel R. Marshak et al. , Cold Spring Harbor Laboratory Press, 1996) 0 Z.%\ 
t><D9v-? Y?y7 4—\ts W&twYVy? 4-, tfil&ffHPLC, FPLC^M 

#3gPJ!(;::&V^T, ft#©8HJK8HHSH4 (Antibodies A Laboratory Manual. Ed H 
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arlow, David Lane, Cold Spring Harbor Laboratory, 1988) E>8lJ£fcfii43tf31tf>¥ 
a*ttffli-*ifc^Tf*5„ flfctf, ELISA ffl**|ft^&!R*te&&) > EIA 

irtf5-C#5 (US5057313, US5156840) „ 

20 JftLfcJ&lk *^-fe^J, ^y^^/V^J, -^-f * n # A-#J £ UlPft)^ 

L<ttjKfl\ aWf*-^iSfea*tt*x fi£**U #® 

JSttfcU £7BM, SttftL ^fc^K l»E#J> tt^tfJfcJf 
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^xry ^M-7^i/^A(Dj;5^im^J, fall, JUtXttifyjbJJi'O.fcS 

!>A^WbtL, jgii£&$#ftggb*!U 0)J^«T/W3-/K A#tt{;:tt:x:*y-/K 
^->-W®St^J, fljx.«7}fy y/V-<-h80 (TM) % HC0-50£W3LT^£V\ 
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ft 1. 0^ 6) 20mg-e 5 <b # X. b ft 3 o 

K::f3V^T«U fflS, 10^l9*«JO.Ol*»P>3Omg, »4 b< tt«0. ld»e>20mg, £ D ft 

0 1 {4, LL2diabody<D&£gB?iJ*3 il^T 5 / KEW«r*i- Bn»*>5. 

0 2 fi, RFB4diabody(D^SIBJlJfe <fc X$T ^ 7 BftBE^J^^S^fc So 
15 B3tt % diabodyOMMSr^1-¥^-efe5o »»L]t#diabodySrSDS-PAGEL, C 
BB£fe&, ^Flag^T'^^X^^yp y h^TofCo Z<D1&W: S Vvfft 

© d i abody & f± ft V ^flS (5 Bfflf JK $ ftX V ^ 5 ' t «IS $ ttfc 0 

Hl4te N #diabodyOIteji*iejte^©3IS^liO?*BSr*'*-|g-C*>5 0 J*fSiLfc#di 
abodyO, Raji«^O^ig{Col>-C^^fi 1 o7c 0 ^O^, Vvfft^diabod 



20 y tsRajiSBJ&^^l-S ^ £ «f&£;ft,fc 0 Jfe^jSttttLL2diabody ± t> *>RFB4diab 
odyeD^^o 7c„ fttd ULUtft{*:ttj|BJtert^©int«rnalize?Stt*SitV^r. 
^StlTV^fcfc, #<OLL2diabody(4«^^ x *M&rtfcB9&*;h,TL 

IDSte, #diabodytJ:5»iafl5#^o»*f«rSH-|g-c*)5. CD22£Si&{;LS8 

25 a-TS^i^ftlfctLTV^SaBSCBy^MIIIISttc, Daudi, Rajifc*hf5CD22di 
abodyOlBJaiMFiSttSrJIlJELfc. ^ft- : e*tl<Ddiabody£»^ flatlet") T? 
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^^Zbtfm%£i\tz 0 diabody>fbLfc^CD22#L{£;^ mkXBV 

>smMm^ttvxmi&?z*nmx% z^t tmm 

[HJS0iJ 1 ] CD22diabody$63g-<^ 9 — ©fEft 

f£^FJ£nTV^~«iI<^CD22}n#s i"stei>*>LL2 (#fFf|3053873-S§-) N R 
FB4 (JP 200250 1488-A) ©ffi^JIftftSrfc £ fc, £ effOpTgttttfr&nerO U 
>*--C5S^$it/cCD22diabody©^IB^J^ ; en ; eniSf-|-Lfc 0 (LL2diabody, R 
FB4diabody) 0 HI 1 (E3BJ## : 1 % 2) *5«kuqg|2 (IB^J## : 3, 4) (C, * 
tim©diabody(Dia^lJ^^-t- (y y^-^rT^^-y^^ Flag-tag£&HTO 

1") 0 

RtrLfcLL2diabody, RFB4diabodySr = — Ki"5cDNASr^1-5^*, # 

diabodyHo#-tix-?iX12iBKSi"o^-y =0)NA&{£§!l bfc (MX^^y =ff— 

DiabodySra-Ki-ScDNATOT^ifeDl^fifeLfco £f\ V =*DNA2#T O 

SrecombinationSJCSSrttHIiift?) 511" C i T\ *$H$fw$800bp;fl»bfc5cDNA©£ 

£j&LT#kftfc#cDNA&EcoRI-NotI#J»rU Kl#J»l§^^ * — pCXND3©E 
coRI-Notl ffl IZWA L fc 0 &gg£?ij *flft» L , LL2diabody^^ ^ * - (pCXND3-LL 
2DB) io X t>\ RFB4diabody^^ ^ - (pCXND3-RFB4DB) ©Sil:^T I fc. 
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IMMM 2 ] CD22diabody<7))|f ® 

(1) LL2diabody3§5LM$c<7};|$;£ t i&*±yf <D\e\U 

PvuI-C^lfrU Kf^tLfcpCXND3-LL2DB 20 v g£DG44»tvl^TW 0 Select 
roporationfet'J; >0^ALtz o DG44M£ ice-cold PBStf-2[E!-ft^Lfc^lX10 7 /ml 

* (1.5KV, 25mFD) Z-$z_tz 0 aiS*«l'&t?*BjaSr*RL9ewell platelet d 
^ &i&&500 /z g/ml G418(GIBC0)#^TT'*g*^ : ffo7 v c 0 £W Lfc^ p 
t^welli <9~30^ P-y^tV^T-y^U ^tL^^*±vf ^<^diabodyO|§^. 

10 5rLL2diabody^^B»t LfCo T-nS^^^^^-e^^^/V^^ Rc&oTcLL 
2diabodyi^S£|ffl«£2;fc© P — 7— ^ h/WCHO-S-SFMlHgHMGIBCO) 250ml) 1^ 
iU 5 0^^iS*±»^H]lRLfc o iS^(^J:oT5E«^l^*Lfc#, 0.45/zm 
<D T7 ^ /V^ -|rii LT ^ ft£LL2diabody©!|tS^>fflV^c 0 

(2) RFB4diabody^cos7-e(D— ii«^<!;t^±^W|E]i|X 

15 pCXND3-RFB4DB 20 ju g$rCOS7|01JjS(C^T© £ 5 (Celectroporationfed J; 19 

LtCo C0S7M&& ice-cold PBS^IUSfe^Lfc^lXlOVmlt^S J: 0 ^PBS^H^ 
Lfc riX^20/igCO±IB7°7^5 K^^L, «^Vv* (220V, 950//FD) & 
#;tfc 0 ^CD^^IjiS^T-2257 7^3 3#ld##jA^(DMEM+10%FCS), 30^*3 

20 LTrft£RFB42diabody©M$^Jl^f'o 

(3) diabodyOftM 

diabodyOmUit^TO t id <0n^tc o H]J& Lfc#i£ii_LYif l-Anti-Flag M2 Aga 
rose (SIGMA) ^P^L N -&fc4 c Ct?#i#1-5 £ <b J; I? diabody£Pj^ £-frfc 0 Anti- 
Flag M2 Agarose £ji>L^ £ 9 [s]Jft LPBSTiclIISfe^ Lfc'tg, ^ttSBuffer (lOOmM 
25 Glycine H3. 5, 0.01% Tween 20) Tdiabody^^tti Lfc c [eJ1|X Ltz^y^MtW-h 
^^^^25mM{^/^ ^ «fc 5 {-Tris-HCl pH8. OX^U L/c„ z\fo%MB U 0. 01% Twe 
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en 20Sr-g-tfPBS^y7T-««iLfco EUR Lfci^://V<0— ffi&SDS«fcfc» U 

3 ] CD22diabody<D U y/<JB3RL1fo^<Dl&&<Z)ffl& 
ff^L/cLL2diabody, ^fctt, RFB4diabody£2%FCS, 0. 02%NaN 3 £*a frPBS^T* 
-ttbJF*b***ft*S20/x g/ral, 8m g/mHC&S J: 5 fcB y >v«BMfcR a ji&fflJ&(cft] 

SfeS^Ofe'g'Srflow cytometory£fflV^l!l£Lfc (EPICS ELITE, COULTER) „ 
[3tifc0!l 4 ] CD22diabody |C J; § JJ ^M«<D«^f|^ffite<2#?#r 
By W«flJ», Raji, Rtf, Daudi&, 2~5 X 10 5 cells/welllC&S i 5 tC2 
4 well plate t»£JiWc 0 rftfc, ftMUfcLL2diabody, ^7cteRFB4diabody 
&SamL37 , CT?#m&ttttfc. 20B#^»£|1J|XU PI*iP;tSHrci5#Rj& 
$f5: £T5E«£7^/VLfc 0 ^(D'& s flow cytometory&JBl^TSfefe&tlfc 
5ESM&©t"J'frS:aiSUfc (EPICS ELITE, COULTER) 0 
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1 . CD22 zmm-f 5 w^{m.Wo 

2 . DiabodyT'fe 5ft#*M 1 {Cfef^&^fcfctft:, 
3. ^T^> (a) ~ (f) (D\,^X^Ztm,<DW^\3XW 0 

( a ) UJm^ : 1 £ fit 3 {CfBs$<Z> T 5 7 g£IB?iJ § {S^^fttfCft: 

(b) IB?lJ##: l£fcf43K!E*^T5:yM^:felNT 1 fcl<iil| 

( c ) : 5 CDCDR jo <£ ?>WlJ#-*r : 7 <£>CDR© T 5 / ^Ifi^lJ £ ^i" 5 

( d ) @E?iJ#-5§- : 5 £>CDR & £ UWiJ#-5§- : 7 (DCDROT ^ /^IB^J^jo^T, 

( e ) ga?l]#-§- : 9 CDCDRfe J: t/Sa^J#-^- : 1 1 OCDRcDT 5: J W^W^-f 
( f ) IB?iJ#-5§- : 9 <7>CDR& <fc7j?@S?lJ#-?§- : l l CDCDR6DT 5 J S£gB?iJ fc*5V^ 



5. <ft5^HkaSDiabodyftT?*)5, ft *5C 4 fclB«t<0#fe. 
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8. K*IWaiC*ff57'sKh-^SrflSalM-5, ft** 7 fc1E«©T# > 

5 *Sf*»£iJ 0 

io 5, 

1 1. mMftkmmmxhz, ii*gu o ^e«©^mi„ 

12. tfCftflSDiabody-CfcS, It* 3 * 7 *»6> 9 ©l^F ftjWCfEtfc^T^ h— S/* 
1 3 . ^^DiabodyT'&S > 3t*^ 10*fcttll (-EftccKM^Jo 

15 
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mi 

10 20 30 40 50 60 70 80~ 90 100 

cctgaattccaccatggaaaggcactggatctttctcttcctgttttcagtaactgcaggtgtccactcccaggtccagctgcaggagtcaggggctgaa 

B E R H H I F L F L F S V T A 6 V H S 0 V 0 L Q E S G A E 

110 120 130 140 150 160 170 180 190 200 
ctgtcaaaacctggggcctcagtgaagatgtcctgcaaggcttctggctacacctttactagctactggctgcactggataaaacagaggcctggacagg 
LSKPGASVKMSCKASGYTFTSYHLHWIKQRPGQG 

210 220 230 240 250 260 270 280 290 300 
gtctggaatggattggatacattaatcctaggaatgattatactgagtacaatcagaacttcaaggacaaggccacattgactgcagacaaatcctccag 
LEW I GY I NPRNDYTEYNONFKDKATLTADKSSS 

310 320 330 340 350 360 370 380 390 400 

cacagcctacatgcaactgagcagcctgacatctgaggactctgcagtctattactgtgcaagaagggatattactacgttctactggggccaaggcacc 
TAYHOLSSLTSEDSAVYYCARRD I TTFYWGQGT 

410 420 430 440 450 460 470 480 490 500 
actctcacagtctcctcggg^gja|gc|gtagcgacattcagctgacccagtctccatcatctctggctgtgtctgcaggagaaaacgtcactatgagct 
T L T V S S G G G G S D IQLTQSPSSLAVSAGENVTMSC 

510 520 530 540 550 560 570 580 590 600 
gtaagtccagtcaaagtgttttatacagtgcaaatcacaagaactacttggcctggtaccagcagaaaccagggcagtctcctaaactgctgatctactg 
KSSQSVLYSANHKNYLAWYQQKPGQSPKLLIYW 

610 620 630 640 650 660 670 680 690 700 

ggcatccactagggaatctggtgtccctgatcgcttcacaggcagcggatctgggacagattttactcttaccatcagcagagtacaagttgaagacctg 
ASTRESGVPORFTGSGSGTDFTLT I SRVOVEDL 

710 720 730 740 750 760 770 780 790 800 

gcaatttattattgtcaccaatacctctcctcgtggacgttcggtggagggaccaagctggagatcaaagactacaaggatgacgacgataagtgataag 
A I YYCHOYLSSWTFGGGTKLE I KDYKDDDDK** 



810 

cggccgcaat 
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0 2 



10 20 30 40 50 60 70 80 90 100 

cctgaattccaccatgaactttgggctcagattgattttccttgtccttactttaaaaggtgtgaagtgtgaagtgcagctggtggagtctgggggaggc 

MNFGLRL I FLVLTLKGVKCEVQLVESGGG 

110 120 130 140 150 160 170 180 190 200 

ttagtgaagcctggagggtccctgaaactctcctgtgcagcctctggattcgctttcagtatctatgacatgtcttgggttcgccagactccggagaaga 
LVKPGGSLKLSCAASGFAFS I YDMSWVRGTPEKR 

210 220 230 240 250 260 270 280 290 300 

ggctggagtgggtcgcatacattagtagtggtggtggtaccacctactatccagacactgtgaagggccgattcaccatctccagagacaatgccaagaa 
LEWVAY I SSGGGTTYYPDTVKGRFT I SRDNAKN 

310 320 330 340 350 360 370 380 390 400 
caccotgtacctgcaaatgagcagtctgaagtctgaggacacagccatgtattactgtgcaagacatagtggctacggtagtagctacggggttttgttt 
TLYLQMSSLKSEDTAMYYCARHSGYGSSYGVLF 

410 420 430 440 450 460 470 480 490 500 
gcttactggggccaagggactctggtcactgtctctgca ggtggaggcggtagc gatatccagatgacccagactacatcctccctgtctecctctctgg 
AYWGQGTLVTVSA G G G G S D I OMTOTTSSLSASLG 

510 520 530 540 550 560 570 580 590 600 

gagacagagtcaccattagttgcagggcaagtcaggacattagcaattatttaaactggtatcagcagaaaccagatggaactgttaaactcctgatcta 
DRVT I SCRASOD I SNYLNWYOOKPDGTVKLL I Y 

610 620 630 640 650 660 670 680 690 700 
ctacacatcaatattacactcaggagtcccatcaaagttcagtggcagtgggtctggaacagattattctctcaccattagcaacctggagcaagaagat 
YTS I LHSGVPSKFSGSGSGTDYSLT I SNLEOED 

710 720 730 740 750 760 770 780 790 800 

tttgccacttacttttgccaacagggtaatacgcttccgtggacgttcggtggaggcaccaagctggaaatcaaagactacaaggatgacgacgataagt 
FATYFCQQGNTLPWTFGGGTKLE I K D.Y..K ,D DP _D__K, * 

810 820 
gataagcggccgcaat 
* 
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SEQUENCE LISTING 
<110> CHUGAI SEIYAKU KABUSHIKI KAISHA 

<120> Genetically engineered-antibodies against CD22 and use thereof 
<130> C1-A0305P 

<150> JP 2003-96950 
<151> 2003-03-31 

<160> 36 

<170> Patentln version 3. 1 

<210> 1 

<211> 260 

<212> PRT 

<213> Artificial 

<220> 

<223> an artificially synthesized peptide sequence 



<400> 1 

Met Glu Arg His Trp He Phe Leu Phe Leu Phe Ser Val Thr Ala Gly 
15 10 15 
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Val His Ser Gin Val Gin Leu Gin Glu Ser Gly Ala Glu Leu Ser Lys 

20 25 30 

Pro Gly Ala Ser Val Lys Met Ser Cys Lys Ala Ser Gly Tyr Thr Phe 
35 40 45 

Thr Ser Tyr Trp Leu His Trp lie Lys Gin Arg Pro Gly Gin Gly Leu 
50 55 60 

Glu Trp He Gly Tyr He Asn Pro Arg Asn Asp Tyr Thr Glu Tyr Asn 
65 70 75 80 

Gin Asn Phe Lys Asp Lys Ala Thr Leu Thr Ala Asp Lys Ser Ser Ser 

85 90 • 95 

Thr Ala Tyr Met Gin Leu Ser Ser Leu Thr Ser Glu Asp Ser Ala Val 

100 105 110 

Tyr Tyr Cys Ala Arg Arg Asp He Thr Thr Phe Tyr Trp Gly Gin Gly 
115 120 125 

Thr Thr Leu Thr Val Ser Ser Gly Gly Gly Gly Ser Asp He Gin Leu 
130 135 140 



Thr Gin Ser Pro Ser Ser Leu Ala Val Ser Ala Gly Glu Asn Val Thr 
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145 150 155 160 

Met Ser Cys Lys Ser Ser Gin Ser Val Leu Tyr Ser Ala Asn His Lys 

165 170 175 

Asn Tyr Leu Ala Trp Tyr Gin Gin Lys Pro Gly Gin Ser Pro Lys Leu 

180 185 190 

Leu lie Tyr Trp Ala Ser Thr Arg Glu Ser Gly Val Pro Asp Arg Phe 
195 200 205 

Thr Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr lie Ser Arg Val 
210 215 220 

Gin Val Glu Asp Leu Ala He Tyr Tyr Cys His Gin Tyr Leu Ser Ser 
225 230 235 240 

Trp Thr Phe Gly Gly Gly Thr Lys Leu Glu lie Lys Asp Tyr Lys Asp 

245 250 255 

Asp Asp Asp Lys 

260 



<210> 2 
<211> 810 
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<212> DNA 
<213> Artificial 



<220> 

<223> an artificially synthesized DNA sequence 
<220> 

<221> CDS 

<222> (14) . . (799) 

<223> 



<400> 2 

cctgaattcc acc atg gaa agg cac tgg ate ttt etc ttc ctg ttt tea 49 

Met Glu Arg His Trp He Phe Leu Phe Leu Phe Ser 
1 5 10 



gta act gca ggt gtc cac tec cag gtc cag ctg cag gag tea ggg get 97 
Val Thr Ala Gly Val His Ser Gin Val Gin Leu Gin Glu Ser Gly Ala 
15 20 25 

gaa ctg tea aaa cct ggg gee tea gtg aag atg tec tgc aag get tct 145 
Glu Leu Ser Lys Pro Gly Ala Ser Val Lys Met Ser Cys Lys Ala Ser 
30 35 40 

ggc tac acc ttt act age tac tgg ctg cac tgg ata aaa cag agg cct 193 
Gly Tyr Thr Phe Thr Ser Tyr Trp Leu His Trp He Lys Gin Arg Pro 
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45 50 55 60 



gga cag ggt ctg gaa tgg att gga tac att aat cct agg aat gat tat 
Gly Gin Gly Leu Glu Trp He Gly Tyr He Asn Pro Arg Asn Asp Tyr 

65 70 75 



act gag tac aat cag aac ttc aag gac aag gcc aca ttg act gca gac 
Thr Glu Tyr Asn Gin Asn Phe Lys Asp Lys Ala Thr Leu Thr Ala Asp 

80 85 90 



gac tct gca gtc tat tac tgt gca aga agg gat att act acg ttc tac 
Asp Ser Ala Val Tyr Tyr Cys Ala Arg Arg Asp He Thr Thr Phe Tyr 
110 115 120 



gac att cag ctg acc cag tct cca tea tct ctg get gtg tct gca gga 
Asp lie Gin Leu Thr Gin Ser Pro Ser Ser Leu Ala Val Ser Ala Gly 

145 150 155 



241 



289 



aaa tec tec age aca gcc tac atg caa ctg age age ctg aca tct gag 337 
Lys Ser Ser Ser Thr Ala Tyr Met Gin Leu Ser Ser Leu Thr Ser Glu 
95 100 105 



385 



tgg ggc caa ggc acc act etc aca gtc tec teg ggt gga ggc ggt age 433 
Trp Gly Gin Gly Thr Thr Leu Thr Val Ser Ser Gly Gly Gly Gly Ser 
125 130 135 140 



481 



WO 2004/087763 



PCT/JP2004/004696 



6/3 7 

gaa aac gtc act atg age tgt aag tec agt caa agt gtt tta tac agt 529 
Glu Asn Val Thr Met Ser Cys Lys Ser Ser Gin Ser Val Leu Tyr Ser 

160 165 170 

gca aat cac aag aac tac ttg gec tgg tac cag cag aaa cca ggg cag 577 
Ala Asn His Lys Asn Tyr Leu Ala Trp Tyr Gin Gin Lys Pro Gly Gin 
175 180 ' 185 

tct cct aaa ctg ctg ate tac tgg gca tec act agg gaa tct ggt gtc 625 
Ser Pro Lys Leu Leu He Tyr Trp Ala Ser Thr Arg Glu Ser Gly Val 
190 195 200 

cct gat cgc ttc aca ggc age gga tct ggg aca gat ttt act ctt acc 673 
Pro Asp Arg Phe Thr Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr 
205 210 215 220 

ate age aga gta caa gtt gaa gac ctg gca att tat tat tgt cac caa 721 
lie Ser Arg Val Gin Val Glu Asp Leu Ala He Tyr Tyr Cys His Gin 

225 230 235 

tac etc tec teg tgg acg ttc ggt gga ggg acc aag ctg gag ate aaa 769 
Tyr Leu Ser Ser Trp Thr Phe Gly Gly Gly Thr Lys Leu Glu He Lys 

240 245 250 

gac tac aag gat gac gac gat aag tga taa gcggccgcaa t 810 
Asp Tyr Lys Asp Asp Asp Asp Lys 



WO 2004/087763 



PCT/JP2004/004696 



7/3 7 

» 

255 260 

<210> 3 
<211> 262 
<212> PRT 
<213> Artificial 

<220> 

<223> an artificially synthesized peptide sequence 
<400> 3 

Met Asn Phe Gly Leu Arg Leu lie Phe Leu Val Leu Thr Leu Lys Gly 
15 10 15 

Val Lys Cys Glu Val Gin Leu Val Glu Ser Gly Gly Gly Leu Val Lys 

20 25 30 

Pro Gly Gly Ser Leu Lys Leu Ser Cys Ala Ala Ser Gly Phe Ala Phe 
35 40 45 

Ser lie Tyr Asp Met Ser Trp Val Arg Gin Thr Pro Glu Lys Arg Leu 
50 55 60 



Glu Trp Val Ala Tyr He Ser Ser Gly Gly Gly Thr Thr Tyr Tyr Pro 
65 70 75 80 



WO 2004/087763 PCT/JP2004/004696 

8/3 7 

Asp Thr Val Lys Gly Arg Phe Thr He Ser Arg Asp Asn Ala Lys Asn 

85 90 95 

Thr Leu Tyr Leu Gin Met Ser Ser Leu Lys Ser Glu Asp Thr Ala Met 

100 105 110 

Tyr Tyr Cys Ala Arg His Ser Gly Tyr Gly Ser Ser Tyr Gly Val Leu 
115 120 125 

Phe Ala Tyr Trp Gly Gin Gly Thr Leu Val Thr Val Ser Ala Gly Gly 
130 135 140 

Gly Gly Ser Asp He Gin Met Thr Gin Thr Thr Ser Ser Leu Ser Ala 
145 150 155 160 

Ser Leu Gly Asp Arg Val Thr He Ser Cys Arg Ala Ser Gin Asp He 

165 170 175 

Ser Asn Tyr Leu Asn Trp Tyr Gin Gin Lys Pro Asp Gly Thr Val Lys 

180 185 190 

Leu Leu He Tyr Tyr Thr Ser He Leu His Ser Gly Val Pro Ser Lys 
195 200 205 



Phe Ser Gly Ser Gly Ser Gly Thr Asp Tyr Ser Leu Thr He Ser Asn 



WO 2004/087763 PCT/JP2004/004696 

■ 

9/3 7 

210 215 220 

Leu Glu Gin Glu Asp Phe Ala Thr Tyr Phe Cys Gin Gin Gly Asn Thr 
225 230 235 240 

Leu Pro Trp Thr Phe Gly Gly Gly Thr Lys Leu Glu He Lys Asp Tyr 

245 250 255 

Lys Asp Asp Asp Asp Lys 

260 



<210> 4 

<211> 816 

<212> DNA 

<213> Artificial 

<220> 

<223> an artificially synthesized DNA sequence 
<220> 

<221> CDS 

<222> (14) . . (805) 

<223> 



<400> 4 



WO 2004/087763 PCT/JP2004/004696 

10/3 7 

cctgaattcc acc atg aac ttt ggg etc aga ttg att ttc ctt gtc ctt 49 

Met Asn Phe Gly Leu Arg Leu He Phe Leu Val Leu 
1 5 10 

act tta aaa ggt gtg aag tgt gaa gtg cag ctg gtg gag tct ggg gga 97 
Thr Leu Lys Gly Val Lys Cys Glu Val Gin Leu Val Glu Ser Gly Gly 
15 20 25 

ggc tta gtg aag cct gga ggg tec ctg aaa etc tec tgt gca gec tct 145 
Gly Leu Val Lys Pro Gly Gly Ser Leu Lys Leu Ser Cys Ala Ala Ser 
30 35 40 

gga ttc get ttc agt ate tat gac atg tct tgg gtt cgc cag act ccg 193 
Gly Phe Ala Phe Ser lie Tyr Asp Met Ser Trp Val Arg Gin Thr Pro 
45 50 55 60 

gag aag agg ctg gag tgg gtc gca tac att agt agt ggt ggt ggt acc 241 
Glu Lys Arg Leu Glu Trp Val Ala Tyr lie Ser Ser Gly Gly Gly Thr 

65 70 75 

acc tac tat cca gac act gtg aag ggc- cga ttc acc ate tec aga gac 289 
Thr Tyr Tyr Pro Asp Thr Val Lys Gly Arg Phe Thr He Ser Arg Asp 

80 85 90 

aat gee aag aac acc ctg tac ctg caa atg age agt ctg aag tct gag 337 
Asn Ala Lys Asn Thr Leu Tyr Leu Gin Met Ser Ser Leu Lys Ser Glu 



WO 2004/087763 PCT/JP2004/004696 



11/3 7 



95 100 105 



gac aca gcc atg tat tac tgt gca aga cat agt ggc tac ggt agt age 385 
Asp Thr Ala Met Tyr Tyr Cys Ala Arg His Ser Gly Tyr Gly Ser Ser 
110 115 120 



tac ggg gtt ttg ttt get tac tgg ggc caa ggg act ctg gtc act gtc 433 
Tyr Gly Val Leu Phe Ala Tyr Trp Gly Gin Gly Thr Leu Val Thr Val 
125 130 135 140 



tct gca ggt gga ggc ggt age gat ate cag atg ace cag act aca tec 481 
Ser Ala Gly Gly Gly Gly Ser Asp He Gin Met Thr Gin Thr Thr Ser 

145 150 155 



tec ctg tct gcc tct ctg gga gac aga gtc ace att agt tgc agg gca 529 
Ser Leu Ser Ala Ser Leu Gly Asp Arg Val Thr lie Ser Cys Arg Ala 

160 165 170 



agt cag gac att age aat tat tta aac tgg tat cag cag aaa cca gat 577 
Ser Gin Asp lie Ser Asn Tyr Leu Asn Trp Tyr Gin Gin Lys Pro Asp 
175 180 185 



gga act gtt 
Gly Thr Val 
190 



aaa etc ctg ate tac tac aca tea ata tta cac 
Lys Leu Leu lie Tyr Tyr Thr Ser lie Leu His 

195 200 



tea gga 
Ser Gly 



625 



WO 2004/087763 PCT/JP2004/004696 



1 2/3 7 

gtc cca tea aag ttc agt ggc agt ggg tct gga aca gat tat tct etc 673 
Val Pro Ser Lys Phe Ser Gly Ser Gly Ser Gly Thr Asp Tyr Ser Leu 
205 210 215 220 



ace att age aac ctg gag caa gaa gat ttt gec act tac ttt tgc caa 721 
Thr He Ser Asn Leu Glu Gin Glu Asp Phe Ala Thr Tyr Phe Cys Gin 

225 230 235 



cag ggt aat acg ctt ccg tgg acg ttc ggt gga ggc acc aag ctg gaa 769 
Gin Gly Asn Thr Leu Pro Trp Thr Phe Gly Gly Gly Thr Lys Leu Glu 

240 245 250 



ate aaa gac tac aag gat gac gac gat aag tga taa gcggccgcaa t 816 
He Lys Asp Tyr Lys Asp Asp Asp Asp Lys 
255 260 



<210> 5 

<211> 116 

<212> PRT 

<213> Artificial 



<220> 

<223> an artificially synthesized peptide sequence 



WO 2004/087763 



<400> 5 

Gin Val Gin Leu Gin Glu 
1 5 

Ser Val Lys Met Ser Cys 

20 

Trp Leu His Trp lie Lys 
35 

Gly Tyr He Asn Pro Arg 
50 

Lys Asp Lys Ala Thr Leu 
65 70 

Met Gin Leu Ser Ser Leu 

85 

Ala Arg Arg Asp He Thr 

100 



13/3 7 

Ser Gly Ala Glu Leu Ser 

10 

Lys Ala Ser Gly Tyr Thr 
25 

Gin Arg Pro Gly Gin Gly 
40 

Asn Asp Tyr Thr Glu Tyr 
55 60 

Thr Ala Asp Lys Ser Ser 

75 

Thr Ser Glu Asp Ser Ala 

90 

Thr Phe Tyr Trp Gly Gin 
105 



PCT/JP2004/004696 



Lys Pro Gly Ala 
15 

Phe Thr Ser Tyr 
30 

Leu Glu Trp He 
45 

Asn Gin Asn Phe 



Ser Thr Ala Tyr 

80 

Val Tyr Tyr Cys 
95 

Gly Thr Thr Leu 
110 



Thr Val Ser Ser 
115 



WO 2004/087763 PCT/JP2004/004696 

> 

1 4/3 7 

<210> 6 
<211> 348 
<212> DNA 
<213> Artificial 

<220> 

<223> an artificially synthesized DNA sequence 
<220> 

<221> CDS 

<222> (1)..(348) 
<223> 

<400> 6 

cag gtc cag ctg cag gag tea ggg get gaa ctg tea aaa cct ggg gec 48 

Gin Val Gin Leu Gin Glu Ser Gly Ala Glu Leu Ser Lys Pro Gly Ala 
1 5 10 15 

tea gtg aag atg tec tgc aag get tct ggc tac acc ttt act age tac 96 
Ser Val Lys Met Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Ser Tyr 

20 25 30 

tgg ctg cac tgg ata aaa cag agg cct gga cag ggt ctg gaa tgg att 144 
Trp Leu His Trp He Lys Gin Arg Pro Gly Gin Gly Leu Glu Trp He 
35 40 45 



WO 2004/087763 PCT/JP2004/004696 



15/3 7 

gga tac att aat cct agg aat gat tat act gag tac aat cag aac ttc 192 
Gly Tyr He Asn Pro Arg Asn Asp Tyr Thr Glu Tyr Asn Gin Asn Phe 
50 55 60 



aag gac aag gcc aca ttg act gca gac aaa tec tec age aca gee tac 240 
Lys Asp Lys Ala Thr Leu Thr Ala Asp Lys Ser Ser Ser Thr Ala Tyr 
65 70 75 80 



atg caa ctg age age ctg aca tct gag gac tct gca gtc tat tac tgt 288 
Met Gin Leu Ser Ser Leu Thr Ser Glu Asp Ser Ala Val Tyr Tyr Cys 

85 90 95 



gca aga agg gat att act acg ttc tac tgg ggc caa ggc acc act etc 336 
Ala Arg Arg Asp He Thr Thr Phe Tyr Trp Gly Gin Gly Thr Thr Leu 

100 105 110 



aca gtc tec teg 348 
Thr Val Ser Ser 
115 



<210> 7 

<211> 112 

<212> PRT 

<213> Artificial 



WO 2004/087763 PCT/JP2004/004696 



16/3 7 



<220> 



<223> an artificially synthesized peptide sequence 



<400> 7 

Asp He Gin Leu Thr Gin Ser Pro Ser Ser Leu Ala Val Ser Ala Gly 
15 10 15 



Glu Asn Val Thr Met Ser Cys Lys Ser Ser Gin Ser Val Leu Tyr Ser 

20 25 30 



Ala Asn His Lys Asn Tyr Leu Ala Trp Tyr Gin Gin Lys Pro Gly Gin 
35 40 45 



Ser Pro Lys Leu Leu He Tyr Trp Ala Ser Thr Arg Glu Ser Gly Val 
50 55 60 



Pro Asp Arg Phe Thr Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr 
65 70 75 80 



He Ser Arg Val Gin Val Glu Asp Leu Ala He Tyr Tyr Cys His Gin 

85 90 95 



Tyr Leu Ser Ser Trp Thr Phe Gly Gly Gly Thr Lys Leu Glu He Lys 

100 105 110 



PCT/JP2004/004696 



WO 2004/087763 



1 7/3 7 

<210> 8 
<211> 336 
<212> DNA 
<213> Artificial 

<220> 

<223> an artificially synthesized DNA sequence 
<220> 

<221> CDS 
<222> (1) . . (336) 
<223> 

<400> 8 

gac att cag ctg acc cag tct cca tea tct ctg get gtg tct gca gga 48 
Asp He Gin Leu Thr Gin Ser Pro Ser Ser Leu Ala Val Ser Ala Gly 
15 10 15 

gaa aac gtc act atg age tgt aag tec agt caa agt gtt tta tac agt 96 
Glu Asn Val Thr Met Ser Cys Lys Ser Ser Gin Ser Val Leu Tyr Ser 

20 25 30 

gca aat cac aag aac tac ttg gec tgg tac cag cag aaa cca ggg cag 144 
Ala Asn His Lys Asn Tyr Leu Ala Trp Tyr Gin Gin Lys Pro Gly Gin 
35 40 45 



WO 2004/087763 PCT/JP2004/004696 



18/3 7 

tct cct aaa ctg ctg ate tac tgg gca tec act agg gaa tct ggt gtc 
Ser Pro Lys Leu Leu lie Tyr Trp Ala Ser Thr Arg Glu Ser Gly Val 



192 



50 



55 



60 



cct gat cgc ttc aca ggc age gga tct ggg aca gat ttt act ctt acc 
Pro Asp Arg Phe Thr Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr 



65 



70 



75 



80 



240 



ate age aga gta caa gtt gaa gac ctg gca att tat tat tgt cac caa 
lie Ser Arg Val Gin Val Glu Asp Leu Ala He Tyr Tyr Cys His Gin 



288 



85 



90 



95 



tac etc tec teg tgg acg ttc ggt gga ggg acc aag ctg gag ate aaa 
Tyr Leu Ser Ser Trp Thr Phe Gly Gly Gly Thr Lys Leu Glu lie Lys 



100 



105 



110 



336 



<210> 9 

<211> 123 

<212> PRT 

<213> Artificial 

<220> 

<223> an artificially synthesized peptide sequence 

<400> 9 



WO 2004/087763 PCT/JP2004/004696 

1 9/3 7 

Glu Val Gin Leu Val Glu Ser Gly Gly Gly Leu Val Lys Pro Gly Gly 
15 10 15 

Ser Leu Lys Leu Ser Cys Ala Ala Ser Gly Phe Ala Phe Ser lie Tyr 

20 25 30 

Asp Met Ser Trp Val Arg Gin Thr Pro Glu Lys Arg Leu Glu Trp Val 
35 40 45 

Ala Tyr lie Ser Ser Gly Gly Gly Thr Thr Tyr Tyr Pro Asp Thr Val 
50 55 60 

Lys Gly Arg Phe Thr He Ser Arg Asp Asn Ala Lys Asn Thr Leu Tyr 
65 70 75 80 

Leu Gin Met Ser Ser Leu Lys Ser Glu Asp Thr Ala Met Tyr Tyr Cys 

85 90 95 

Ala Arg His Ser Gly Tyr Gly Ser Ser Tyr Gly Val Leu Phe Ala Tyr 

100 105 110 

Trp Gly Gin Gly Thr Leu Val Thr Val Ser Ala 
115 120 



<210> 10 



WO 2004/087763 PCT/JP2004/004696 



2 0/3 7 

<211> 369 
<212> DNA 
<213> Artificial 

<220> 

<223> an artificially synthesized DNA sequence 
<220> 

<221> CDS 
<222> (1)..(369) 
<223> 

<400> 10 

gaa gtg cag ctg gtg gag tct ggg gga ggc tta gtg aag cct gga ggg 48 
Glu Val Gin Leu Val Glu Ser Gly Gly Gly Leu Val Lys Pro Gly Gly 
15 10 15 

tec ctg aaa etc tec tgt gca gec tct gga ttc get ttc agt ate tat . 96 
Ser Leu Lys Leu Ser Cys Ala Ala Ser Gly Phe Ala Phe Ser He Tyr 

20 25 30 

gac atg tct tgg gtt cgc cag act ccg gag aag agg ctg gag tgg gtc 144 
Asp Met Ser Trp Val Arg Gin Thr Pro Glu Lys Arg Leu Glu Trp Val 
35 40 45 



gca tac att agt agt ggt ggt ggt acc acc tac tat cca gac act gtg 192 



WO 2004/087763 PCT/JP2004/004696 



2 1/3 7 

Ala Tyr He Ser Ser Gly Gly Gly Thr Thr Tyr Tyr Pro Asp Thr Val 



50 



55 



60 



aag ggc cga ttc acc ate tec aga gac aat gee aag aac acc ctg tac 
Lys Gly Arg Phe Thr He Ser Arg Asp Asn Ala Lys Asn Thr Leu Tyr 



65 



70 



75 



80 



240 



ctg caa atg age agt ctg aag tct gag gac aca gee atg tat tac tgt 
Leu Gin Met Ser Ser Leu Lys Ser Glu Asp Thr Ala Met Tyr Tyr Cys 



85 



90 



95 



gca aga cat agt ggc tac ggt agt age tac ggg gtt ttg ttt get tac 
Ala Arg His Ser Gly Tyr Gly Ser Ser Tyr Gly Val Leu Phe Ala Tyr 



100 



105 



110 



288 



336 



tgg ggc caa ggg act ctg gtc act gtc tct gca 
Trp Gly Gin Gly Thr Leu Val Thr Val Ser Ala 



115 



120 



369 



<210> 11 

<211> 107 

<212> PRT 

<213> Artificial 



<220> 



WO 2004/087763 PCT/JP2004/004696 

* 

2 2/3 7 

<223> an artificially synthesized peptide sequence 
<400> 11 

Asp He Gin Met Thr Gin Thr Thr Ser Ser Leu Ser Ala Ser Leu Gly 
15 10 15 

Asp Arg Val Thr He Ser Cys Arg Ala Ser Gin Asp He Ser Asn Tyr 

20 25 30 

Leu Asn Trp Tyr Gin Gin Lys Pro Asp Gly Thr Val Lys Leu Leu He 
35 40 45 

Tyr Tyr Thr Ser He Leu His Ser Gly Val Pro Ser Lys Phe Ser Gly 
50 55 60 

Ser Gly Ser Gly Thr Asp Tyr Ser Leu Thr He Ser Asn Leu Glu Gin 
65 70 75 80 

Glu Asp Phe Ala Thr Tyr Phe Cys Gin Gin Gly Asn Thr Leu Pro Trp 

85 90 95 

Thr Phe Gly Gly Gly Thr Lys Leu Glu He Lys 

100 105 



<210> 12 



WO 2004/087763 



PCT/JP2004/004696 



2 3/3 7 

<211> 321 
<212> DNA 
<213> Artificial 

<220> 

<223> an artificially synthesized DNA sequence 
<220> 

<221> CDS 
<222> (1). . (321) 
<223> 

<400> 12 

gat ate cag atg acc cag act aca tec tec ctg tct gee tct ctg gga 48 
Asp He Gin Met Thr Gin Thr Thr Ser Ser Leu Ser Ala Ser Leu Gly 
15 10 15 

gac aga gtc acc att agt tgc agg gca agt cag gac att age aat tat 96 
Asp Arg Val Thr lie Ser Cys Arg Ala Ser Gin Asp He Ser Asn Tyr 

20 25 30 

tta aac tgg tat cag cag aaa cca gat gga act gtt aaa etc ctg ate 144 
Leu Asn Trp Tyr Gin Gin Lys Pro Asp Gly Thr Val Lys Leu Leu He 
35 40 45 

tac tac aca tea ata tta cac tea gga gtc cca tea aag ttc agt ggc 192 



WO 2004/087763 PCT/JP2004/004696 



2 4/3 7 

Tyr Tyr Thr Ser He Leu His Ser Gly Val Pro Ser Lys Phe Ser Gly 
50 55 60 



agt ggg tct gga aca gat tat tct etc acc att age aac ctg gag caa 240 
Ser Gly Ser Gly Thr Asp Tyr Ser Leu Thr He Ser Asn Leu Glu Gin 
65 70 75 80 



gaa gat ttt gec act tac ttt tgc caa cag ggt aat acg ctt ccg tgg 288 
Glu Asp Phe Ala Thr Tyr Phe Cys Gin Gin Gly Asn Thr Leu Pro Trp 

85 90 95 



acg ttc ggt gga ggc acc aag ctg gaa ate aaa 321 
Thr Phe Gly Gly Gly Thr Lys Leu Glu lie Lys 

100 105 



<210> 13 

<211> 88 

<212> DNA 

<213> Artificial 



<220> 

<223> an artificially synthesized DNA sequence 



<400> 13 

cctgaattcc accatggaaa ggcactggat ctttctcttc ctgttttcag taactgeagg 60 



WO 2004/087763 



PCT/JP2004/004696 



2 5/3 7 

tgtccactcc caggtccagc tgcaggag 88 

<210> 14 

<211> 90 

<212> DNA 

<213> Artificial 

<220> 

<223> an artificially synthesized DNA sequence 
<400> 14 

gatgtcctgc aaggcttctg gctacacctt tactagctac tggctgcact ggataaaaca 60 
gaggcctgga cagggtctgg aatggattgg 90 

<210> 15 

<211> 87 

<212> DNA 

<213> Artificial 

<220> 

<223> an artificially synthesized DNA sequence 



WO 2004/087763 PCT/JP2004/004696 



2 6/3 7 



<400> 15 



cttcaaggac aaggccacat tgactgcaga caaatcctcc agcacagcct acatgcaact 60 



gagcagcctg acatctgagg actctgc 87 



<210> 16 

<211> 88 

<212> DNA 

<213> Artificial 

<220> 

<223> an artificially synthesized DNA sequence 
<400> 16 

ggcaccactc tcacagtctc ctcgggtgga ggcggtagcg acattcagct gacccagtct 60 
ccatcatctc tggctgtgtc tgcaggag 88 



<210> 17 

<211> 91 

<212> DNA 

<213> Artificial 



<220> 



WO 2004/087763 PCT/JP2004/004696 



2 7/3 7 

<223> an artificially synthesized DNA sequence 



<400> 17 

cagtgcaaat cacaagaact acttggcctg gtaccagcag aaaccagggc agtctcctaa 60 



actgctgatc tactgggcat ccactaggga a 91 



<210> 18 

<211> 105 

<212> DNA 

<213> Artificial 

<220> 

<223> an artificially synthesized DNA sequence 

* 

<400> 18 

ggcagcggat ctgggacaga ttttactctt accatcagca gagtacaagt tgaagacctg 60 
gcaatttatt attgtcacca atacctctcc tcgtggacgt tcggt 105 



<210> 19 

<211> 91 

<212> DNA 

<213> Artificial 



WO 2004/087763 PCT/JP2004/004696 



2 8/3 7 



<220> 

<223> an artificially synthesized DNA sequence 



<400> 19 

ggtgtagcca gaagccttgc aggacatctt cactgaggcc ccaggttttg acagttcagc 60 



ccctgactcc tgcagctgga cctgggagtg g 91 



<210> 20 

<211> 96 

<212> DNA 

<213> Artificial 



<220> 

<223> an artificially synthesized DNA sequence 



<400> 20 

* 

tgcagtcaat gtggccttgt ccttgaagtt ctgattgtac tcagtataat cattcctagg 60 



attaatgtat ccaatccatt ccagaccctg tccagg 96 



<210> 21 
<211> 105 



WO 2004/087763 



PCT/JP2004/004696 



2 9/3 7 



<212> DNA 

<213> Artificial 

<220> 

<223> an artificially synthesized DNA sequence 

<400> 21 

acccgaggag actgtgagag tggtgccttg gccccagtag aacgtagtaa tatcccttct 60 
tgcacagtaa tagactgcag agtcctcaga tgtcaggctg ctcag 105 

<210> 22 

<211> 102 

<212> DNA 

<213> Artificial 

<220> 

<223> an artificially synthesized DNA sequence 



<400> 22 



ccaggccaag tagttcttgt gatttgcact gtataaaaca ctttgactgg acttacagct 



60 



catagtgacg ttttctcctg cagacacagc cagagatgat gg 



102 



WO 2004/087763 PCT/JP2004/004696 

3 0/3 7 

<210> 23 
<211> 84 
<212> DNA 
<213> Artificial 

<220> 

<223> an artificially synthesized DNA sequence 
<400> 23 

aagagtaaaa tctgtcccag atccgctgcc tgtgaagcga tcagggacac cagattccct 60 
agtggatgcc cagtagatca gcag 84 



<210> 24 

<211> 93 

<212> DNA 

<213> Artificial 

<220> 

<223> an artificially synthesized DNA sequence 
<400> 24 

attgcggccg cttatcactt atcgtcgtca tccttgtagt ctttgatctc cagcttggtc 60 
cctccaccga acgtccacga ggagaggtat tgg 93 



WO 2004/087763 



PCT/JP2004/004696 



3 1/3 7 

<210> 25 
<211> 92 
<212> DNA 
<213> Artificial 

<220> 

<223> an artificially synthesized DNA sequence 
<400> 25 

cctgaattcc accatgaact ttgggctcag attgattttc cttgtcctta ctttaaaagg 60 
tgtgaagtgt gaagtgcagc tggtggagtc tg 92 

<210> 26 

<211> 89 

<212> DNA 

<213> Artificial 

<220> 

<223> an artificially synthesized DNA sequence 
<400> 26 

gtgcagcctc tggattcgct ttcagtatct atgacatgtc ttgggttcgc cagactccgg 60 



WO 2004/087763 



PCT/JP2004/004696 



3 2/3 7 



agaagaggct ggagtgggtc gcatacatt 



89 



<210> 
<211> 
<212> 
<213> 

<220> 
<223> 

<400> 



27 
86 
DNA 

Artificial 

an artificially synthesized DNA sequence 



gggccgattc accatctcca gagacaatgc caagaacacc ctgtacctgc aaatgagcag 



60 



tctgaagtct gaggacacag ccatgt 



86 



<210> 28 



<211> 98 



<212> DNA 



<213> Artificial 



<220> 

<223> an artificially synthesized DNA sequence 



WO 2004/087763 PCT/JP2004/004696 



3 3/3 7 



<400> 28 



cggggttttg tttgcttact ggggccaagg gactctggtc actgtctctg caggtggagg 60 



cggtagcgat atccagatga cccagactac atcctccc 98 



<210> 29 

<211> 114 

<212> DNA 

<213> Artificial 

<220> 

<223> an artificially synthesized DNA sequence 
<400> 29 

ttgcagggca agtcaggaca ttagcaatta tttaaactgg tatcagcaga aaccagatgg 60 
aactgttaaa ctcctgatct actacacatc aatattacac tcaggagtcc catc 114 



<210> 30 

<211> 87 

<212> DNA 

<213> Artificial 



<220> 
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<223> an artificially synthesized DNA sequence 
<400> 30 

ctctcaccat tagcaacctg gagcaagaag attttgccac ttacttttgc caacagggta 60 
atacgcttcc gtggacgttc ggtggag 87 



<210> 31 

<211> 91 

<212> DNA 

<213> Artificial 

<220> 

<223> an artificially synthesized DNA sequence 



<400> 31 

ctgaaagcga atccagaggc tgcacaggag agtttcaggg accctccagg cttcactaag 60 



cctcccccag actccaccag ctgcacttca c 91 



<210> 32 

<211> 91 

<212> DNA 

<213> Artificial 
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<220> 

<223> an artificially synthesized DNA sequence 
<400> 32 

gtctctggag atggtgaatc ggcccttcac agtgtctgga tagtaggtgg taccaccacc 60 
actactaatg tatgcgaccc actccagcct c 91 

<210> 33 

<211> 90 

<212> DNA 

<213> Artificial 

<220> 

<223> an artificially synthesized DNA sequence 
<400> 33 

ggccccagta agcaaacaaa accccgtagc tactaccgta gccactatgt cttgcacagt 60 
aatacatggc tgtgtcctca gacttcagac 90 

<210> 34 
<211> 90 



WO 2004/087763 



PCT/JP2004/004696 
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<212> DNA 

<213> Artificial 

<220> 

<223> an artificially synthesized DNA sequence 
<400> 34 

taattgctaa tgtcctgact tgccctgcaa ctaatggtga ctctgtctcc cagagaggca 60 
gacagggagg atgtagtctg ggtcatctgg 90 

<210> 35 

<211> 93 

<212> DNA 

<213> Artificial 



<220> 



<223> 



an artificially synthesized DNA sequence 



<400> 



35 



tcttgctcca ggttgctaat ggtgagagaa taatctgttc cagacccact gccactgaac 



60 



tttgatggga ctcctgagtg taatattgat gtg 



93 
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<210> 36 
<211> 85 
<212> DNA 
<213> Artificial 

<220> 

<223> an artificially synthesized DNA sequence 
<400> 36 

attgcggccg cttatcactt atcgtcgtca tccttgtagt ctttgatttc cagcttggtg 60 
cctccaccga acgtccacgg aageg 85 
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(3) a degraded antibody having CDR of SEQ ID NO: 5 and the amino acid 
sequence represented by SEQ ID N0:7, and (4) a degraded antibody 
having CDR of SEQ ID NO: 9 and the amino acid sequence represented by 
SEQ ID NO: 11. 
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c-mpl mutations are the cause of congenital amegakaryocytic thrombocytopenia 

Matthias Ballmaier, Manur .a Germeshausen, Harald Schulze, Klara Cherkaoui, Sabine Lang, Annika Gaudig, Stephanie Krukemeier, 
Martin Eilers, Gabriele S jauG, and Karl Welte 



cells of patients with CAMT did not show 
any reactivity to TPO, as measured by 
testing TPO-synergism to adenosine 
diphosphate in platelet activation or by 
megakaryocyte colony assays. Flow cyto- 
metric analysis revealed absent surface 
expression of the TPO receptor c-MpI in 3 
of 3 patients. Sequence analysis of the 
c-mpl gene revealed point mutations in 8 
of 8 patients: We found frameshift or 
nonsense mutations that are predicted to 
result in a complete loss of c-MpI function 
in 5 patients. Heterozygous or homozy- 



gous missense mutations predicted to 
lead to amino acid exchanges in the extra- 
cellular domain of the receptor were found 
in 3 other patients. The type of mutations 
correlated with the clinical course of the 
disease. We propose a defective c-MpI 
expression due to c-mpl mutations as the 
cause for thrombocytopenia and progres- 
sion into pancytopenia seen in patients 
with CAMT. (Blood. 2001 ;97:139-146) 
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Congenital amegakaryocytic thrombocy- 
topenia (CAMT) is a rare disease present- 
ing with isolated thrombocytopenia in 
infancy and developing into a pancytope- 
nia in later childhood. Thrombopoietin 
(TPO) is the main regulator of thrombocy- 
topoiesis and has also been demon- 
strated to be an important factor in early 
hematopoiesis. We analyzed 9 patients 
with CAMT for defects in TPO production 
and reactivity. We found high levels of 
TPO in the sera of all patients. However, 
platelets and hematopoietic progenitor 

Introduction 

Congenital amegakaryocytic thrombocytopenia (CAMT) is a rare 
disease characterized by a severe hypomegakaryocytic thrombocy- 
topenia during the first years of life that develops into a pancytope- 
nia in later childhood, suggesting a general defect in hematopoi- 
esis. 1 Bone marrow transplantation is the only curative therapy for 
CAMT so far. 2 

The pathophysiology of CAMT is not well understood. Experi- 
ments of Freedman and Estrov 3 demonstrated that the cause of 
CAMT seems to be an intrinsic stem cell defect rather than an 
abnormality of the bone marrow microenvironment or an inhibitory 
factor in the patients' plasma. Serum levels of thrombopoietin 
(TPO), the pivotal regulator of megakaryopoiesis but also an 
important factor for early multipotential hematopoietic progenitors, 
are highly elevated in patients affected from CAMT. 4 5 

Recently, Muraoka and coworkers 6 described a patient with 
CAMT who had a defective response to TPO in megakaryocyte 
colony formation, decreased numbers of erythroid and myeloid 
progenitors, and elevated TPO serum levels. Ihara and coworkers 7 
detected 2 heterozygous point mutations in the c-mpl gene of this 
patient that were predicted to result in a complete absence of 
functional c-Mpl protein. 

In this report we describe a defective TPO reactivity of 
hematopoietic progenitor cells and platelets from 9 patients with 
CAMT A lack of c-Mpl expression on the platelet surface could be 
demonstrated in 3 patients. Molecular sequencing of the c-mpl gene 
of 8 patients with CAMT revealed point mutations in all patients: 
We found frameshift or nonsense mutations in 5 patients belonging 



to a patient group with a very severe course of the disease, 
heterozygous or homozygous missense mutations were found in 3 
other patients with a slower progression of the disease. We propose, 
that c-mpl mutations are the cause for the amegakaryocytic 
thrombocytopenia and the development of a pancytopenia in 
patients with CAMT The type of mutations could be predictive for 
the course of the disease. 



Patients, materials, and methods 

Patients 

Platelets and/or bone marrow mononuclear cells from 9 patients with 
CAMT were examined at different time points. AH patients were found 
to be thrombocytopenic during the first year of life, had normal radii, 
and showed no or severely reduced numbers of megakaryocytes in bone 
marrow smears. Four of the patients are^rom Kurdish origin and have 
consanguineous parents. (Approval was obtained from the institutional 
review board for these studies. Informed consent was provided accord- 
ing to the Declaration of Helsinki.) Retrospective comparison of the 
clinical data from 1 8 patients with CAMT from different German clinics 
resulted in a division into 2 different groups of patients with a different 
time course of thrombocytopenia: About 60% of the patients presented 
with a more severe form of CAMT with an early development from 
isolated thrombocytopenia into pancytopenia (group I). A second group 
of patients demonstrated a transient increase of platelet counts during 
the first year of life and a later development of pancytopenia (group II). 
The patients' characteristics with the division into the 2 patient groups 
are described in Table 1 . 
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Table 1. Patients' characteristics 



Patient 






BMT 


Patient 


Consanguineous 


WBC 


Hgb 


Pit 


Tests 


identification 


Sex 


Age <y) 


(age) (y) 


group* 


parents 


(nL- 1 ) 


(g*dL- 1 ) 


(nL- 1 ) 


performed t 


CAMT-1 


F 


0.3 


0.6 


1 




7.8 


5.6 


20 


7 

2,6 


CAMT-6 


F 


0.7 
0.8 


0.8 


1 




10.3 
8.6 


11.5 
6.6 


6 

PT* 


7 

1,4 
6 


CAMT-7 (died 




















after BMT) 


M 


1.4 
3.4 
4.2 
5.6 
6.5 


7.0 


II 


— 


6.8 
5.1 
4.8 
3.9 
3.6 


11.1 
10.7 
11.9 
11.0 
9.0 


26 
10 
5 
5 
1 


7 
6 

1,2,3,4 

3,4 

6 

1,3,4 


CAMT-8 


M 


2.2 


2.8 


II 




12.4 


11.1 


14 


1.2,4 


CAMT-9 


F 


2.3 
3.0 


4.2 


1 


+ 


12.4 
8.1 


11.1 
10.1 


7 
8 


7 

2,4 
1,4,6 


CAMT-1 1 


F 


7.8 
9.3 




II 




6.5 
4.6 


13.0 
12.6 


29 
25 


7 

1,2,4,5 
3,4,5 


CAMT-1 2 


M 


3.7 


4.1 


II 




8.3 


11.7 


7 


7 

1,3,4 


CAMT-1 3 


F 


1.5 


3.8 


1 


+ 


7.0 


9.1 


35 


7 

1,2,4 


CAMT-1 7 


F 


0.8 
1.8 


1.9 


1 




8.6 
na 


9.8 
na 


13 
na 


7 
6 

1,2 



BMT = bone marrow transplantation; WBC = white blood cells; Pit = platelets. 
*See "Patient, materials, and methods." 

fTests performed: 1 . Thrombopoietin (TPO) enzyme-linked immunosorbent assay (ELISA); 2. TPO bioassay; 3. c-MpI expression (flow cytometry); 4. TPO reactivity {flow 
cytometry); 5. tyrosine phosphorylation in platelets; 6. colony assay from bone marrow mononuclear cells (BM-MNCs); 7. sequencing of c-mpl gene. 
t Platelet transfusion, 
na: data not available. 



Materials 

Recombinant human (rh) TPO and the polyclonal rabbit antibody 
against human c-Mpl were kindly provided by Dr A. Shimosaka, Kirin 
Brewery (Tokyo, Japan). Amgen (Thousand Oaks, CA) provided rh 
granulocyte colony-stimulating factor (G-CSF) and rh stem cell factor 
(SCF). The rh granulocyte-macrophage colony-stimulating factor (GM- 
CSF) and rh interleukin-3 (IL-3) were gifts from Behringwerke (Mar- 
burg, Germany ); rh erythropoietin (EPO) was obtained from Boehringer 
Mannheim (Mannheim, Germany). Adenosine diphosphate, bovine 
pancreatic insulin, transferrin, prostaglandin El, acetylic salicylic acid, 
apyrase (type VII), and bovine serum albumin were purchased from 
Sigma (Deisenhofen, Germany). Monoclonal antibodies against CD62P 
(clone CLB-Thromb/6) and CD41 (clone P2) as well as the IgGi isotype 
control were purchased from Coulter-Immunotech (Hamburg. Ger- 
many), the recombinant, peroxidase-conjugated, antiphosphotyrosine 
antibody (RC20) was from Transduction Laboratories (Lexington, KY), 
the polyclonal antibody against Jak2 was from Santa Cruz Biotechnol- 
ogy (Santa Cruz. CA). Cell culture media and fetal calf serum were 
purchased from Life Technologies (Eggenstein, Germany). Collagen 
solution was obtained from StemCell Technologies (Vancouver. British 
Columbia) and methyl cellulose (Methocel A4C) from WAK-Chemie 
(Bad Homburg, Germany). 

Assays for colony-forming units 

For detection of colony-forming unit (CFU)-GM and CFU/burst- 
forming unit, erythrocytes (BFU-E) we used a methyl-cellulose-based 
culture system. The 10 s bone marrow mononuclear cells (BM-MNCs) 
were cultured in 1 mL of a semisolid medium containing 0 7% methyl 
cellulose. 30% fetal bovine serum, and 0.5 X 10~ y M 2-mercaptoetha- 



nol in Iscove's modified Dulbecco's medium (IMDM) with the hemato- 
poietic growth factors rhG-CSF, rhGM-CSF, rhIL-3, rhSCF (all 10 
ng/mL), and rhEPO ( 1 U/mL). The cultures were incubated at 37°C in an 
atmosphere of 5% C0 2 and 100% humidity for 14 days. After this time, 
colonies consisting of more than 50 cellfr were classified according to 
their morphology and counted. 

For detection of CFU-megakaryocytes (CFU-Mks). we used a serum- 
free/ collagen-based culture system. The 10 s BM-MNCs were cultured in a 
semisolid medium containing bovine serum albumin (10 mg/mL), bovine 
pancreatic insulin (10 u,g/mL). human transferrin (iron -saturated, 200 
|Ag/mL), 2-mercaptoethanol (0.5 X 10 9 M), collagen (1.1 mg/mL) in 
IMDM. Two different growth factor combinations were used: (1) rhTPO 
alone (50 ng/mL) and (2) rhTPO (50 ng/mL), rhIL-3 (10 ng/mL), and 
rhIL-6 (10 ng/mL). After 10 to 12 days of culture (37°C, 5% C0 2 , 100% 
humidity), collagen gels were dehydrated on slides and immunocytochemi- 
cally stained with a primary monoclonal antibody against CD41 (clone P2) 
and an APAAP (alkaline phosphatase monoclonal antialkaline phosphatase) 
detection system. Colonies consisting of 5 or more CD41 positive cells 
were counted as CFU-Mk. 

Thrombopoietin serum levels 

Patients' sera were collected and stored at -80°C until analysis. The 
measurement of TPO was performed with either a commercially available 
capture enzyme-linked immunosorbent assay (ELISA) system (R&D 
systems. Abingdon. UK) or an ELISA system recently developed by 
Folman et al. 9 Some of the samples were additionally tested in a TPO 
bioassay using the human c-m/>/-transfected cell line 32D clone23 10 as 
recently described. 11 
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Flow cytometric analysis of in vitro platelet activation 

TPO reactivity of platelets was tested as already described" In brief, 
nlatelet-rich plasma (PRP) was preincubated for 1 minute with or without 
SpO (SO ng/mL) before the platelet activator A DP (5 u.M) was added. 
The emulation was stopped by adding 1 mL of a formaldehyde solution 
U* in phosphate-buffered saline [PBS]). Unstimulated platelets serving : as 
a negative control were fixed immediately after preparation of PRP. After 
fixation for 30 minutes on ice. the samples were washed and 
cytometric analysis. FITC -conjugated mAb anti-P-selectin (CD62P) as an 
activation-dependent marker and phycoerythrin (PE)-conjugated anti-gpl lb 
Ilia (CD41) as a pan-platelet marker were used for measuring platelet 
activation. FITC- and PE-labeled isotype control antibodies were used as 

controls. After staining, the platelets were analyzed in a FACScan flow _____ 
cytometer (Becton Dickinson, Heidelberg. Germany). 

Flow cytometric analysis of c-Mpl expression on platelets Results 

We used a polyclonal rabbit antiserum against human c-Mpl for flow Tnr0 mbopoietin serum levels 

cytometric detection of c-Mpl on the platelet surface. Incubation of unfixed 
platelets with the primary antibodies was followed by the staining with the 
FITC-conjugated goat-antirabbit Ig (Dako, Glostrup, Denmark) and analy- 
sis on a FACScan Mow cytometer. 



0.1% Triton-X 100. 20 u.M dNTP. and 25 pmol of each V^^^ 
5'TCTTTGTGGGAATCTCCGAC. 5 ' AGGCGCTGTGCGGCTTTGGT. 
exon 10 VAGTAGGGGCTGGCTGGATGA. 5 'G AG ATCTGGGGTC A- 
CAGA) in PCR buffer. All PCRs included I unit Taq DNA polymerase 
(Roche Mannheim, Germany) and Pfu DNA polymerase (Stratagene La 
Jolla C A) in a total reaction volume of 25 u-L. The PCRs were performed at 
95 C for 5 minutes, followed by 35 cycles at 95°C for 1 minute, 58 C 
(exons 1-8 11, 12) or 60°C (exons 9 and 10) for 1 minute, and 72 C C for 1 
minute, with a final extension at 72X for 10 minutes. Direct sequencing of 
the purified PCR fragments was performed on a semiautomatic sequencer 
(LI-COR MWG-Biotech. Ebersberg, Germany) using the Thermo Seque- 
nase cycle sequencing kit with 7-deaza-dGTP (Amersham Pharmacia 
Biotech, Freiburg, Germany) and fluorescent c-mpl primers. 



Western blot detection of tyrosine phosphorylation in platelets 

PRP was preincubated with acetyl salicylic acid (2 mM) for 30 minutes at 
room temperature. Prostaglandin El (I ^M) was added immediately before 
centrifugation of the platelets. The pellet was washed in a modified 
HEPES-Tyrode's buffer 12 containing apyrase (2 U/mL). For stimulation 
with rhTPO (2.7 u-g/mU platelets were resuspended in a concentration of 4 
to 5 X 10*/|xL in the same buffer supplemented with 1 mM CaCh- The 
stimulation of platelets was terminated by adding one volume of - X 
concentrated sample buffer (10* glycerol, 1% SDS, ^'^^ 
nol 50 mM Tris. pH 6.8, 10 mM EGTA. and 1 mM Na,V0 4 and 0.002% 
bromophenol blue). After SDS-gel electrophoresis proteins were trans- 
ferred to a nitrocellulose membrane (0.45 jun). Tyrosine phosphorylated 
proteins were detected with the horseradish peroxidase (HRP)-conjugated 
recombinant antibody RC20 using the enhanced chemilummescence (ECU 
system (Amersham Pharmacia Biotech. Freiburg, Germany) according to 
the manufacturer's instructions. For immunoprecipitation, platelet stimula- 
tion was terminated by adding an equal amount of lysis buffer ( 15 mM 
HEPES 150 mM NaCl, 10 mM EGTA, 1 mM Na,V0 4 , 2% Triton X-100, 1 
LLg/mL of each leupeptin, pepstatin A, and aprotinin, and 1 mM PMSF). The 
samples were incubated on ice for 30 minutes, and afterward, the debris was 
pelleted at 13 000* for 10 minutes at 4°C. The supernatant was precleared 
with protein A-agarose beads before adding the polyclonal antibody against 
Jak^ The antigen-antibody complex was captured by addition of protein 
A-agarose beads and analyzed with SDS-gel electrophoresis and Western 
blotting After detection of tyrosine phosphorylation the membrane was 
stripped and incubated with an anti-Jakl antibody. The following detection 
used a HRP-conjugated secondary antibody (swine antirabbit) and the 
ECL system. 

DNA sequencing and mutation analysis 

Genomic DNA was extracted from peripheral blood using standard 
procedures. Exons 1 to 4 of c-mpl gene were amplified by polymerase chain 
reaction (PCR) using 100 ng of template DNA, 1.5 mM MgCfe. 10C > uAl 
dNTP. and 10 pmol of each primer (exons 1-2: 5'CTGAAGGGAGGAT- 
GGGC. 5'AGGGACAGATACATGGG. exon 3: 5'GCATGGTGGCTGTG- 
TAGG 5 ' GTCTG ATTCCGGG AGCTGG, exon 4: 5 GACTGTGGTACT- 
CAGAG V GGC A AG ATTG A AGGTAGG ) in PCR buffer (100 mM 
Tris-HCl S00 mM KCl pH 8.3). Exons 5 to 8, 1 1. and 12 were amplified in 
1 x PCR buffer using 100 ng template DNA, 2 mM MgCl : , 0 1% Triton, 
100 u,M dNTP, and 10 pmol of each primer (exons 5-6: 5'TAGATTGT- 
GAAGCTGGG. 5'CTCCCATGACACAAACC. exons 7-8: 5'GGGATT- 
AGTCTCTGAGG, 5'CCCTGCGTAGTGAGGTC, exons 11-12: 5'CCTC- 
CCTGCCAATCCAC, 5 ' GGTAGGGTAGGG A AGTT ) in PCR buffer. Exons 
9 and 1 0 were amplified by PCR using 1 00 ng template DNA, 3 mM MgCk 



TPO serum levels were highly elevated in all patients (Table 2). No 
correlation between serum levels and platelet counts in the patients 
could be observed. Sera of 7 patients were tested for TPO 
bioactivity, all of them supported the growth of the factor- 
dependent, c-m/>/-transfected cell line 32D clonel 23 1(1 (Table 2), 
excluding a not biologically active TPO as the cause for the 
thrombocytopenia. 

Thrombopoietin reactivity of platelets 

TPO synergizes with ADPin platelet activation. Preincubation with 
TPO enhanced the activating effect of ADP in platelets from 
healthy donors (Figure 1 B) or from patients affected from immuno- 
logic thrombocytopenias (data not shown). In contrast, we were not 
able to detect any synergism between TPO and ADP (Figure 1 A) in 
platelets from all patients with CAMT tested (10 samples from 7 
patients, described in Table 1). The activation obtained with ADP 
alone in platelets from patients with CAMT was similar to that in 
healthy donors. 

c-Mpl signaling in platelets of a patient with CAMT 

c-Mpl is a member of the cytokine receptor superfamily and leads 
to tyrosine phosphorylation of cellular proteins after stimulation. 
We could demonstrate that stimulation of platelets from healthy 



CAMT-1 
CAMT-6 
CAMT-7 




CAMT-8 
CAMT-9 

CAMT-1 1 
CAMT-1 2 
CAMT-1 3 
CAMT-1 7 
Healthy donors 

(mean ± SD, 

n = 40) 




nt = not tested. , n ICA . 

•Measured with R&D systems enzyme-linked immunosorbent assay (ELISA). 

fMeasured with an ELISA system developed by Folman et al. 8 
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Table 1. Patients' characteristics 



Patient 






BMT 


Patient 


Consanguineous 


WBC 


Hgb 


Pit 


Tests 


identification 


Sex 


Age (y) 


(age) (y) 


group* 


parents 


(nL- 1 ) 


(9-dL- 1 ) 


(nL- 1 ) 


performed t 


CAMT-1 


F 


0.3 


0.6 


I 




7.8 


5.6 


20 


7 

2,6 


CAMT-6 


F 


0.7 
0.8 


0.8 


1 


— 


10.3 
8.6 


11.5 
6.6 


6 

PTt 


7 

1,4 
6 


CAMT-7 (died 




















after BMT) 


M 


1.4 
3.4 
4.2 
5.6 
6.5 


7.6 


II 




6.8 
5.1 
4.8 
3.9 
3.6 


11.1 
10.7 
11.9 
11.0 
9.0 


26 
10 
5 
5 
1 


7 
6 

1,2, 3,4 

3.4 

6 

1,3,4 


CAMT-8 


M 


2.2 


2.8 


II 





12.4 


11.1 


14 


1.2,4 


CAMT-9 


F 


2.3 
3.0 


4.2 


1 


+ 


12.4 
8.1 


11.1 
10.1 


7 
8 


7 

2,4 
1, 4, 6 


CAMT-1 1 


F 


7.8 
9.3 




II 




6.5 
4.6 


13.0 
12.6 


29 
25 


7 

1.2, 4,5 
3. 4,5 


CAMT-1 2 


M 


3.7 


4.1 


II 




8.3 


11.7 


7 


7 

1.3,4 


CAMT-1 3 


F 


1.5 


3.8 


1 


+ 


7.0 


9.1 


35 


7 

1,2,4 


CAMT-1 7 


F 


0.8 
1.8 


1.9 


1 


+ 


8.6 
na 


9.8 
na 


13 
na 


7 
6 

1.2 



BMT = bone marrow transplantation; WBC = while blood cells; Pit = platelets. 
*See "Patient, materials, and methods." 

tTests performed: 1 . Thrombopoietin (TPO) enzyme-linked immunosorbent assay (ELISA); 2. TPO bioassay; 3. c-MpI expression (flow cytometry); 4. TPO reactivity (flow 
cytometry); 5. tyrosine phosphorylation in platelets; 6. colony assay from bone marrow mononuclear cells (BM-MNCs); 7. sequencing of c-mpl gene. 

t Platelet transfusion, 
na: data not available. 



Materials 

Recombinant human (rh) TPO and the polyclonal rabbit antibody 
against human c-Mpl were kindly provided by Dr A. Shimosaka. Kirin 
Brewery (Tokyo, Japan). Amgen (Thousand Oaks, CA) provided rh 
granulocyte colony-stimulating factor (G-CSF) and rh stem cell factor 
(SCF). The rh granulocyte-macrophage colony-stimulating factor (GM- 
CSF) and rh interleukin-3 (IL-3) were gifts from Behringwerke (Mar- 
burg, Germany); rh erythropoietin (EPO) was obtained from Boehringer 
Mannheim (Mannheim. Germany). Adenosine diphosphate, bovine 
pancreatic insulin, transferrin, prostaglandin El, acetylic salicylic acid, 
apyrase (type VII), and bovine serum albumin were purchased from 
Sigma (Deisenhofen. Germany). Monoclonal antibodies against CD62P 
(clone CLB-Thromb/6) and CD41 (clone P2) as well as the IgGj isotype 
control were purchased from Coulter- Immunotech (Hamburg. Ger- 
many), the recombinant, peroxidase-conjugated, antiphosphotyrosine 
antibody (RC20) was from Transduction Laboratories (Lexington. KY), 
the polyclonal antibody against Jak2 was from Santa Cruz Biotechnol- 
ogy (Santa Cruz. CA). Cell culture media and fetal calf serum were 
purchased from Life Technologies (Eggenstein, Germany). Collagen 
solution was obtained from StemCell Technologies (Vancouver. British 
Columbia) and methyl cellulose (Methocel A4C) from WAK-Chemie 
(Bad Homburg, Germany). 

Assays for colony-forming units 

For detection of colony-forming unit (CFU)-GM and CFU/burst- 
forming unit, erythrocytes (BFU-E) we used a methyl-cellulose-based 
culture system. The 10 s bone marrow mononuclear cells (BM-MNCs) 
were cultured in 1 mL of a semisolid medium containing 0.7% methyl 
cellulose, 30%> fetal bovine serum, and 0.5 X 10~ 9 M 2-mercaptoetha- 



nol in Iscove's modified Dulbecco's medium (IMDM) with the hemato- 
poietic growth factors rhG-CSF, rhGM-CSF, rhIL-3, rhSCF (all 10 
ng/mL), and rhEPO ( 1 U/mL). The cultures were incubated at 37°C in an 
atmosphere of 5% C0 2 and 100% humidity for 14 days. After this time, 
colonies consisting of more than 50 celft> were classified according to 
their morphology and counted. 

For detection of CFU-megakaryocytes (CFU-Mks). we used a serum- 
free. 8 collagen-based culture system. The 10 5 BM-MNCs were cultured in a 
semisolid medium containing bovine serum albumin (10 mg/mL), bovine 
pancreatic insulin (10 u.g/mL), human transferrin (iron-saturated, 200 
u-g/mL), 2-mercaptoethanol (0.5 X 10" 9 M), collagen (1.1 mg/mL) in 
IMDM. Two different growth factor combinations were used: (I) rhTPO 
alone (50 ng/mL) and (2) rhTPO (50 ng/mL), rhIL-3 (10 ng/mL), and 
rhIL-6 (10 ng/mL). After 10 to 12 days of culture (37°C, 5% C0 2 , 100% 
humidity), collagen gels were dehydrated on slides and immunocytochemi- 
cally stained with a primary monoclonal antibody against CD41 (clone P2) 
and an APAAP (alkaline phosphatase monoclonal antialkaline phosphatase) 
detection system. Colonies consisting of 5 or more CD41 positive cells 
were counted as CFU-Mk. 

Thrombopoietin serum levels 

Patients' sera were collected and stored at -80°C until analysis. The 
measurement of TPO was performed with either a commercially available 
capture enzyme-linked immunosorbent assay (ELISA) system (R&D 
systems. Abingdon, UK) or an ELISA system recently developed by 
Folman et al. 9 Some of the samples were additionally tested in a TPO 
bioassay using the human c-w/)/-transfected cell line 32D clone23 ,u as 
recently described. 11 
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c-mpl mutations are the cause of congenital amegakaryocytic thrombocytopenia 
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Martin Eilers, Gabriele SvrauG, and Karl Welte 



cells of patients with CAMT did not show 
any reactivity to TPO, as measured by 
testing TPO-synergism to adenosine 
diphosphate in platelet activation or by 
megakaryocyte colony assays. Flow cyto- 
metric analysis revealed absent surface 
expression of the TPO receptor c-Mpl in 3 
of 3 patients. Sequence analysis of the 
c-mpl gene revealed point mutations in 8 
of 8 patients: We found frameshift or 
nonsense mutations that are predicted to 
result in a complete loss of c-Mpl function 
in 5 patients. Heterozygous or homozy- 



gous missense mutations predicted to 
lead to amino acid exchanges in the extra- 
cellular domain of the receptor were found 
in 3 other patients. The type of mutations 
correlated with the clinical course of the 
disease. We propose a defective c-MpI 
expression due to c-mpl mutations as the 
cause for thrombocytopenia and progres- 
sion into pancytopenia seen in patients 
with CAMT. (Blood. 2001;97:139-146) 



© 2001 by The American Society of Hematology 



Congenital amegakaryocytic thrombocy- 
topenia (CAMT) is a rare disease present- 
ing with isolated thrombocytopenia in 
infancy and developing into a pancytope- 
nia in later childhood. Thrombopoietin 
(TPO) is the main regulator of thrombocy- 
topoiesis and has also been demon- 
strated to be an important factor in early 
hematopoiesis. We analyzed 9 patients 
with CAMT for defects in TPO production 
and reactivity. We found high levels of 
TPO in the sera of all patients. However, 
platelets and hematopoietic progenitor 

Introduction 

Congenital amegakaryocytic thrombocytopenia (CAMT) is a rare 
disease characterized by a severe hypo megakaryocy tic thrombocy- 
topenia during the first years of life that develops into a pancytope- 
nia in later childhood, suggesting a general defect in hematopoi- 
esis. 1 Bone marrow transplantation is the only curative therapy for 
CAMT so far. 2 

The pathophysiology of CAMT is not well understood. Experi- 
ments of Freedman and Estrov 3 demonstrated that the cause of 
CAMT seems to be an intrinsic stem cell defect rather than an 
abnormality of the bone marrow microenvironment or an inhibitory 
factor in the patients' plasma. Serum levels of thrombopoietin 
(TPO), the pivotal regulator of megakaryopoiesis but also an 
important factor for early multipotential hematopoietic progenitors, 
are highly elevated in patients affected from CAMT. 4 -* 

Recently, Muraoka and coworkers 6 described a patient with 
CAMT who had a defective response to TPO in megakaryocyte 
colony formation, decreased numbers of erythroid and myeloid 
progenitors, and elevated TPO serum levels. Ihara and coworkers 7 
detected 2 heterozygous point mutations in the c-mpl gene of this 
patient that were predicted to result in a complete absence of 
functional c-Mpl protein. 

In this report we describe a defective TPO reactivity of 
hematopoietic progenitor cells and platelets from 9 patients with 
CAMT. A lack of c-Mpl expression on the platelet surface could be 
demonstrated in 3 patients. Molecular sequencing of the c-mpl gene 
of 8 patients with CAMT revealed point mutations in all patients: 
We found frameshift or nonsense mutations in 5 patients belonging 



to a patient group with a very severe course of the disease, 
heterozygous or homozygous missense mutations were found in 3 
other patients with a slower progression of the disease. We propose, 
that c-mpl mutations are the cause for the amegakaryocytic 
thrombocytopenia and the development of a pancytopenia in 
patients with CAMT The type of mutations could be predictive for 
the course of the disease. 



Patients, materials, and methods 

Patients 

Platelets and/or bone marrow mononuclear cells from 9 patients with 
CAMT were examined at different time points. All patients were found 
to be thrombocytopenic during the first year of life, had normal radii, 
and showed no or severely reduced numhers of megakaryocytes in bone 
marrow smears. Four of the patients are^rom Kurdish origin and have 
consanguineous parents. (Approval was obtained from the institutional 
review board for these studies. Informed consent was provided accord- 
ing to the Declaration of Helsinki.) Retrospective comparison of the 
clinical data from 1 8 patients with CAMT from different German clinics 
resulted in a division into 2 different groups of patients with a different 
time course of thrombocytopenia: About 60% of the patients presented 
with a more severe form of CAMT with an early development from 
isolated thrombocytopenia into pancytopenia (group I). A second group 
of patients demonstrated a transient increase of platelet counts during 
the first year of life and a later development of pancytopenia (group II). 
The patients' characteristics with the division into the 2 patient groups 
are described in Table I . 
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Figure 1. Costimulation of platelets with rhTPO, CAMT versus healthy control. 

Platelets of patient CAMT-7 (A) and of a healthy control donor (B) were stimulated 
with ADP (5 ^iM) after preincubation with or without rhTPO (50 ng/mL). Flow 
cytometric analysis of platelet activation was performed using a monoclonal antibody 
against CD62P. CD62P expression of unstimulated platelets is shown in each 
histogram. 



donors with TPO led to phosphorylation of several proteins, the 
most prominent band appearing at about 95 kd (Figure 2A). We 
were able to investigate c-Mpl signaling in platelets from patient 
CAMT-ll, which did not show any difference in the tyrosine 
phosphorylation pattern before and after stimulation with TPO 
(Figure 2A). The protein pattern of constitutively tyrosine- 
phosphorylated proteins between the healthy donor and the patient 
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Figure 2. Tyrosine phosphorylation in platelets after TPO stimulation. Platelets 
of patient CAMT-11 and of a healthy donor were preincubated with 2.7 ^.g/mL rhTPO 
before lysis and Western blot analysis of tyrosine-phosphorylated proteins (A). 
Phosphorylation of Jak2 was proved after immunoprecipitation with anti-Jak2 and 
Western blot detection of tyrosine-phosphorylated proteins and Jak2 (B). 



was similar, with the exception of a 60 kd protein band only 
detectable in the patient's platelets, independent of the state of 
stimulation. This is most likely a consequence of a higher amount 
of contaminating plasma proteins in platelet preparations from 
thrombocytopenic patients. Subsequent analysis of TPO-dependent 
phosphorylation of Jak2 in platelets of patient CAMT-11 did not 
reveal any activation of this molecule in contrast to platelets of 
healthy donors, although Jak2 expression could be detected in this 
patient (Figure 2B). 

Expression of c-Mpl in platelets 

c-Mpl expression on the surface of platelets was analyzed in 3 
patients. We used a polyclonal rabbit antiserum against c-Mpl. 
Specificity of the serum was tested with the c-/w/?/-transfected cell 
line 32D clone 23 (data not shown). The antibodies demonstrated a 
weak, but distinct reactivity with platelets from healthy donors 
(Figure 3B,D,F). In contrast, we could not detect any binding of the 
antibody to platelets from patients with CAMT (CAMT-7, -11,-12, 
Figure 3A,C,E). 

Colony-forming unit assays 

Colony-forming assays were performed with bone marrow mono- 
nuclear cells of 5 patients, one of them at 2 different time points 
(Table 3). The growth of megakaryocytic and also of myeloid and 
erythroid colonies was impaired in all samples. 

No growth of megakaryocytic colonies with TPO as a single 
growth factor could be observed, with the exception of one assay in 
which only 2 CFU-Mks grew. In contrast, TPO induced the growth 
of 42 ± 23 CFU-Mks per 10 5 BM-MNCs from healthy controls. 
We observed the growth of some megakaryocytic colonies after 
stimulation with IL-3, IL-6, and TPO only in samples from the 
younger patients with CAMT (less than 2 years). There was no 
growth of megakaryocytic colonies from samples of 2 patients 
older than 3 years. 

In the younger patients, we found a strongly decreased growth 
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Figure 3. Expression of c-Mpl on platelets of 2 patients affected from CAMT. 

Flow cytometric detection of c-Mpl expression on the surface of platelets from 
patients CAMT-7 (A), CAMT-11 (C), and CAMT-12 (E) using a polyclonal antiserum 
against human c-Mpl. Because the flow cytometric measurements were made in 
different laboratories under slightly different conditions, individual controls from 
healthy donors are shown for each patient (B,D,F). 
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Table 3. Colony-forming unit assay 



Patient identification 


Age (y) 


CFU-GM 


CFU-E 


CFU-Mk 1* 


CFU-Mk 2f 


CAMT-1 


0.3 


93 


51 


0 


15 


CAMT-6 


0.8 


52 


26 


0 


4 


CAMT-7 


1.4 


149 


29 


2 


15 




5.6 


2 


* 1 


0 


0 


CAMT-9 


3.0 


3 


3 


0 


0 


CAMT-1 7 


0.8 


52 


2 


0 


7 


Controls (mean ± SD, 












n = 5) 




168 ±40 


139 ±66 


42 ± 13 


69 ±23 



CFU-GM = colony-forming unit -granulocyte-macrophage; CFU-E = colony-forming unit-erythrocyte; CFU-Mk 1 - colony-forming unit-megakaryocyte 1 ; CFU-Mk 2 = 
CFU-Mk 2. 

Colonies per 10 s BM-MNCs; 1 with TPO alone; 2 with IL-3, IL-6, TPO. 



of erythroid and a modestly decreased growth of myeloid colonies, 
whereas in patients older than 3 years, an almost complete lack of 
nonmegakaryocytic colony growth was observed. There was no 
obvious difference in the colony sizes of nonmegakaryocytic 
colonies between healthy donors and patients with CAMT. 

Mutation analysis 

Because of the absence of TPO reactivity in cells from patients with 
CAMT, c-mpl was considered to be one of the candidate genes for 
this disorder. Therefore, sequence analysis of the entire coding 
region and all exon/intron boundaries in the c-mpl gene was 
performed on genomic DNA isolated from peripheral blood cells of 
8 patients with CAMT. Our studies revealed 7 different mutations 
in the c-mpl gene of these patients (Table 4, Figure 4). Five of these 
mutations are located in exon 3, one mutation is located in exon 5 
and one in exon 2 of the c-mpl gene. The nucleotide positions refer 
to c-mpl-? complementary DNA (cDNA). 13 In all cases in which 
family studies were possible, we could demonstrate that the 
mutations found in the patients with CAMT were inherited from 
their heterozygous parents (Table 4). 

Patients CAMT-1 and CAMT- 17 presented with a homozygous 
nonsense mutation in exon 2 of c-mpl gene (C127T leading to 
A43X). CAMT-6 is characterized by one homozygous missense 
mutation (G340A leading to V114M) and one homozygous non- 
sense mutation (C268T leading to R90X) in exon 3. Family studies 
revealed that this patient inherited both mutations from his father 
and mother who are heterozygous for both mutations. The sister of 
this patient displayed none of these mutations (data not shown). 
The homozygous deletion of thymine at cDNA nucleotide position 
378 in exon 3 of c-mpl gene in patient CAMT-9 creates a frameshift 
and leads to a premature stop codon at amino acid position 1 29. 



The c-mpl gene of patient CAMT- 13 is characterized by the 
homozygous delCT at nucleotide positions 235/236 of c-mpl 
cDNA leading to an altered amino acid sequence from position 79 
until a stop after amino acid 161. The mutations found in patients 
CAMT-1, -6, -9, -13, and -17 are predicted to lead to a complete 
loss of a functional TPO receptor c-Mpl. All patients belong to the 
group I of patients with CAMT with a very severe form of CAMT 
with an early progression into pancytopenia. 

Patients CAMT-7 and CAMT- 12 demonstrated a homozygous 
G to C transversion in exon 3 of the c-mpl gene (G305C) that was 
inherited from their unrelated heterozygous parents and resulted in 
the substitution of the amino acid arginine by a proline at amino 
acid position 102. In patient CAMT-1 1, we found 2 heterozygous 
point mutations (C823A, G305C), both leading to amino acid 
exchanges (R102P, P275T) in the extracellular domain of c-Mpl. 
All patients with missense mutations belong to group II of patients 
with CAMT 



Discussion 

In this study, we describe a lack of TPO reactivity of platelets and 
hematopoietic progenitors from patients with CAMT. This lack is 
due to point mutations in the c-mpl gene in all patients with 
CAMT tested. 

Platelets of patients with CAMT did not respond to rhTPO as 
demonstrated by an absent synergism with the platelet-activator 
ADP in platelet activation. We used this experimental system for an 
initial screening because of the limited availability of bone marrow 
samples from patients. Platelets are easily available and normally 
express a functional TPO receptor. Measuring the effect of TPO on 



Table 4. Hie c-mpl gene sequence analysis in patients with congenital amegakaryocytic thrombocytopenia 


Patient 












Patient 


identification 


Mutation* 


Exon no. 


Homozygous/heterozygous 


Predicted aa sequence t 


Inherited from 


group 


CAMT-1 


C127T 


2 


Homo- 


A43X 


Not tested 


I 


CAMT-6 


C268T 


3 


Homo- 


R90X 


Father/mother 


I 




G340A 


3 


Homo- 


V114M 


Father/mother 




CAMT-9 


de1378 


3 


Homo- 


Frameshift: 126L WTVX 


Father/mother 


I 










Frameshift: change in aa 






CAMT-1 3 


del235/36 


3 


Homo- 


79-1 61 , stop after 1 61 aa 


Not tested 


I 


CAMT-1 7 


C127T 


2 


Homo- 


A43X 


Not tested 


I 


CAMT-7 


G305C 


3 


Homo- 


R102P 


Father/mother 


II 


CAMT-1 1 


C823A 


5 


Hetero- 


P275T 


Father 


II 




G305C 


3 


Hetero- 


R102P 


Mother 




CAMT-1 2 


G305C 


3 


Homo- 


R102P 


Father/mother 


II 



aa: amino acid(s). 

'Although sequencing was performed on genomic DNA, the position of mutations are given as positions in c-mpl-P cDNA. 13 
tNumbering of amino acids according Mpl-P sequence. 13 
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Figure 4. Schematic presentation of reported c-mpl mutations and predicted 
alterations in the c-Mpl protein. The boxes at the left side represent the exons of 
the coding sequence of c-mpl, mutations found in patients with CAMT are indicated 
with horizontal bars. The resulting alterations in the c-Mpl protein are shown at the 
right side. Horizontal gray bars represent the consensus pairs of cysteine residues in 
cytokine receptors. The signal peptide (SP), the hydrophilic insert in the first cytokine 
receptor domain (HR), and the transmembrane region (TM) are indicated by 
gray boxes. 

platelet activation has already been used as a diagnostic tool for the 
detection of defects in TPO reactivity. 111415 Because signal trans- 
duction pathways of the TPO receptor c-Mpl are essentially similar 
in platelets and their progenitors in the bone marrow, we assume a 
general defect of all c-Mpl-bearing cells in the hematopoietic 
system. The TPO reactivity of hematopoietic progenitors was 
tested in bone marrow samples from 5 patients. We were not able to 
detect growth of megakaryocytic colonies after stimulation with 
TPO as a single hematopoietic growth factor, with the exception of 
a very weak growth of CFU-Mks in a bone marrow sample from 
patient CAMT-7 at the age of 1 .4 years. Examination of a later bone 



marrow sample from this patient (age: 5.6 years) revealed no 
reactivity to TPO anymore. A defective response to TPO in 
megakaryocyte-colony formation was described in one patient with 
CAMT by Muraoka et al. 6 

The defective response of platelets and hematopoietic progeni- 
tors to TPO was confirmed by studies on the signal transduction of 
c-Mpl in platelets, which are assumed to be representative for 
c-Mpl signal transduction in megakaryocytes and their progenitors: 
We observed no induction of intracellular tyrosine phosphoryla- 
tions in total platelet lysates or in Jak-2 immunoprecipitates, 
respectively, after stimulation with TPO in patient CAMT- 1 1 . 

So far, these results very much resembled those obtained with 
platelets from patients suffering from thrombocytopenia with 
absent radii (TAR) in a previous study. 11 However, we could 
demonstrate that c-Mpl expression on TAR patients' platelets was 
normal, 11 and others found no alterations in the c-mpl gene of TAR 
patients. 16 These results led us to the hypothesis that a defect in 
c-Mpl-dependent signaling pathways is the cause for thrombocyto- 
penia in TAR syndrome. 

To analyze the TPO receptor expression in patients with CAMT, 
we investigated the c-Mpl protein and the genomic sequence of the 
c-mpl gene. We could not detect c-Mpl on the surface of the 
platelets from 2 patients affected from CAMT. Sequence analysis 
revealed point mutations in 8 of 8 patients. Homozygous deletions 
(CAMT-9 and -13) or nonsense mutations (CAMT-1, -6, and -17) 
were found in 5 patients, all of them predicted to result, if 
translated, in a premature terminated c-Mpl protein, which lacks a 
transmembrane and intracellular domain. These patients should 
have a complete loss of c-Mpl function. Interestingly, all these 
patients belong to the group I of patients with CAMT who have a 
more severe thrombocytopenia and reveal a more rapid progression 
into pancytopenia. In contrast, patients CAMT-7 and CAMT- 12 
who demonstrated a homozygous missense mutation, and CAMT- 1 1 
with 2 heterozygous missense mutations in the c-mpl gene belong 
to group II. This might correspond to a residual function of c-Mpl 
in these patients. 

The homozygous point mutation in exon 3 of c-mpl found in 
patients CAMT-7 and -12 leads to an exchange of arginine 102 to 
proline. This substitution, which is located close to the highly 
conserved cysteine residues, may have an important influence on 
protein folding and therefore on the binding of TPO. The receptor 
could not be detected on platelets of patients CAMT-7 and 
CAMT- 12 by flow cytometry using a polyclonal antiserum against 
the extracellular domain of the protein. However, there might be a 
residual signal transduction activity of c-Mpl in these patients as 
could be deduced from the weak reactivity to TPO in a colony 
assay (CAMT-7) and from the fact that these patients were 
clinically stable over several years before the deteriorating hemato- 
poiesis necessitated a bone marrow transplantation. 

In patient CAMT-I1, we detected 2 heterozygous missense 
mutation in the c-mpl gene that are inherited from her heterozygous 
parents. This patient presented with a less severe form of CAMT, 
she is the only one of the patients in this report who did not show a 
tendency for a pancytopenia to develop so far. CAMT-1 1 is 
heterozygous for the mutation G305C, which causes a more severe 
course of the disease if homozygously expressed (CAMT-7, -12). 
We conclude that the exchange of proline to tyrosine at amino acid 
position 275, caused by the other heterozygous mutation found in 
this patient (C823A), seems to have less effect on c-Mpl function. 

Mutations in the c-mpl gene in patients with CAMT have been 
reported by others: Ihara and coworkers 7 detected 2 heterozygous 
point mutations in the c-mpl gene that were predicted to result in a 
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complete lack of functional c-Mpl protein in this patient. Van den 
Oudenrijn et al 17 reported c-mpl mutations in 4 of 5 patients with 
CAMT, 3 of them with 2 heterozygous mutations, one with a 
homozygous splice defect. In contrast to the previous reported 
mutations in the c-mpl gene of patients with CAMT, which are 
evenly distributed over the c-mpl gene, we found a strong 
accumulation of mutations in exon 3, all mutations are located in 
the first cytokine receptor homology domain. The high frequency 
of homozygous mutations in our patients is partly due to the 
consanguinity in their parents (patients CAMT-9, -13, and -17). 
The mutation found in patients CAMT-7, -1 1, and -12 was reported 
for another patient by van den Oudenrijn et al. 17 Because all these 
patients are unrelated and their parents are not consanguineous, this 
mutation seems to occur more frequently, at least in Europe. 

There are some striking similarities in the phenotypes observed 
in patients affected from CAMT with c-Mpl-deficient mice gener- 
ated by gene targeting. Disruption of the c-mpl gene in mice 
resulted in a specific loss of both megakaryocytes and platelets with 
an approximately 85% decrease in peripheral platelet counts. The 
remaining platelets were functionally normal. 18 These observations 
correspond well to those made in patients with CAMT: We found 
very low platelet counts, as low as 5 X I0 9 /L, and these platelets 
had a normal reactivity to the platelet agonists TRAP or ADR High 
TPO serum levels were demonstrated in c-mpl' 1 ' mice. 18 Because 
TPO knock-out mice demonstrate a very similar phenotype to the 
c-/h/?/~'~, 19,20 a TPO production defect could also be postulated as a 
cause of CAMT. However, TPO serum levels have been shown to 
be generally high in these patients. 4 * 5 - 21 In all patients tested so far, 
serum TPO revealed full biologic activity. 5 

In addition to the lineage specific effects on megakaryocytopoi- 
esis, there are deficiencies in other nonmegakaryocytic lineages of 
hematopoiesis in patients with CAMT, 13 * 6 which also seem to be 
quite similar in c-mpl' 1 ' mice. 19 - 22 - 23 The role of TPO in early 
hematopoiesis has been elucidated by several investigators during 
the last few years. In vitro studies demonstrated that TPO supports 
the survival of multilineage progenitors or synergizes with other 
hematopoietic growth factors in expansion of these cells. 24 27 Solar 
et al 28 found a significantly better engraftment of CD34 + CD38" 
c-Mpl + human hematopoietic progenitor cells compared with 
CD34 + CD38"c-Mpr cells in transplanting SC1D mice. 

Although no decline in peripheral blood counts in c-mpl~ ! ~ 
mice has been described, the impairment of nonmegakaryocytic 
progenitors in c-mpl' 1 ' mice seems to deteriorate during ontogeny: 
Alexander et al 22 demonstrated normal growth of hematopoietic 
progenitors of all lineages from the fetal liver of c-mpl' 1 ~ mice 
(day 12 of gestation), whereas growth of myeloid and erythroid 
progenitors as well as that of early bi potential or multi potential 
progenitors from hematopoietic tissues from neonate mice was 
already markedly reduced. In analogy, Freedman and Estrov 3 
demonstrated a decline in the growth of nonmegakaryocytic 
progenitors and earlier multi potential progenitors during the devel- 
opment from isolated thrombocytopenia into aplastic anemia in 
serial analyses of one patients with CAMT. In accordance with 
these observations, we found an age-dependent decline in the 
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growth of nonmegakaryocytic progenitors with an earlier drop in 
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clinical study with rhIL-3 in 5 patients with CAMT, Guinan and 
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In conclusion, we propose a defective c-Mpl expression leading 
to a defect in the reactivity to TPO as the cause for CAMT in the 
majority of patients. CAMT could be considered as a model for 
investigating the in vivo role of TPO in human hematopoiesis. 
From our observations, we may offer 2 hypotheses. The first one is 
that TPO and c-Mpl seem to be essential for growth and mainte- 
nance of multipotential hematopoietic progenitor cells. A lack or 
misfunction of c-Mpl leads to an exhaustion of the early progenitor 
cell pool over the first years of life. The second hypothesis is that 
mechanisms independent of c-Mpl are responsible for the forma- 
tion of multipotential progenitors in early ontogeny. The understand- 
ing of these mechanisms might provide closer insights into 
hematopoietic regulation and a therapeutic approach in the treat- 
ment of CAMT. 
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